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SECTION I. 

DEFINITIONS AND FUNDAMENTAL RELATIONS BETWEEN THE 
TRIGONOMETRICAL FUNCTIONS OF AN ANGLE (OR ARC). 

1. Trigonometry is a part of Geometry which has for its sub- 
ject-matter, Angles. It is chiefly occupied in presenting a scheme 
for measuring and comparing angles, by means of certain auxiliary 
lines called Trigonometrical Functions, in investigating the relations 
between these functions, and in the solution of triangles by means 
of ths relations between their sides and the trigonometrical functions 
of their angles. 

2. Plane Trigonometry irmt& of plane angles and triangles, 
in distinction from Spherical Trigonometry, which treats of spherical 
angles and triangles. 

3. A Function i^ a quantity, or a mathematical expression, 
conceived as depending upon some other quantity or quantities for 
its value. 

Ill'& — A man's wages /<w a given time is a function of the amount received 
per day ; or, in general, liis wages is a function of both tlie time of service and 
the amiOunt received per day. Again, in the expressions y = 2aar*, y ■=. ^ ^ 
2&B + 5,y = 2 log oa;, y = a*, y is a function of x ; since, the numbers 2, 5, a and h 
being considered fixed or constant, the value of y depends upon the value we 
assign to x. For a like reason such expressions as v/a" — «•, and Soic" — 2v^SJ 
may be spoken of as functions of x. Once more, the area of a triangle is a func- 
tion of its base and altitude. 

4. Angles as Functions of Arcs»—We have learned in 
Geometry (Part XL, Sec. VI.), that angles and arcs may be treated 
as functions of each other ; and that, if the angles be taken at the 

1 



2 PLANE TBIOONOMETRT. 

centre of the same or equal circles, the arcs intercepced nave the 
same ratio as the angles themselves, and hence may be taken as their 
measures or representatives. For trigonometrical purposes, an angle 
is considered as measured by an arc struck with a radius 1, from the 
angular point as a centre. 

5, A Degree being the yj^ part of the circumference of a circle, 
becomes the measure of ^ of a right angle; and, for convenience, it 
is customary to speak of such an angle as an angle of one degree, of 
four times as large an angle as an angle of four degrees, etc., apply- 
ing the term directly to the angle. A small circle written at the 
right and a little above a number indicates degrees (°). 

6, A Minute is ^ part of a degree. Minutes are designated by 
an accent ('). A Second is ^ part of a minute. Seconds are 
indicated by a double accent ("). Smaller divisions of angles (or 
arcs) are most conveniently represented as decimals of a second, 
though the designations thirds, fourths, etc., are sometimes met with, 
and signify further subdivisions into 60ths. 5° 12' 16" 13'" is read, 
^ 5 d^rees, 12 minutes, 16 seconds, and 13 thirds.'* 

Ii«L*8.— In Fig. 1 AOB is aa angle of 85*, because the measuring arc ab 
contains 85 of the 860 equal parts into which 
the circumference whose radius is Oa, could be 
divided. In like manner BOC is an angle of T, 
BOC = iAOB = iAOC Hence, it becomes evi- 
dent that we may use the numbers 85, 7, and 42, 
to represent the respective angles AOB, BOC. 
and AOC, or the corresponding arcs ad, dc, and 



7. A Quadrant is an arc of 90®, 
and is the measure of a right angle; 
hence, a right angle is called an angle of 
90°. Thus arc ad. Fig. 1, = 90°, or angle 
ADD = 90^ 




F». 1. 



8. The Complement of an angle or arc is what remains after 
subtracting the angle or arc from 90°. The Supplmnent of an angle 
or arc is what remains after subtracting the angle or arc from 180°. 

Ill's.— In Mg. 1, the angle BOD is the complement of AOB, and the arc bd 
18 the complement of arc ab. The complement of 85* is 90* — SS^'s- 55'. The 
supplement of 35* is 180'- 85'= 145\ 



DEFINITIONS AND FUNDAMENTAL RELATIONS. 3 

,9. A Quadrant is often represented by |flr, since « is the semi- 

circnmference when the radius is unity. When this notation is used, 

180° 
the Unit ^rc becomes ^!^^ = 57°.29578 nearly, or 57* 17' 44".8 +, 

which is an arc equal in length to the radius. 

10. T^t trigonometrical pui'poses, an angle is conceived as ger 
erated by the revolution of a line about the angular poiht, ana 
hence may have any value whatever, not only from 0° to 180**, but 
from 0° to 360°, and even to any number of degrees greater than 
360°, as 1280°, etc. An angle of 45° is generated by ^ of a revolu« 
tion, 90° by } of a revolution, 180° by i a revolution, 270° by J of b 
revolution, 360° by one revolution, 450° by IJ revolutions, 1280° by 
3^ revolutions, etc., etc. 

llf, In accordance with the conception of an angle as generated 
by a revolving line, the measuring arc is considered as originating 
at the first position of the revolving line (t. e., with one side of the 
angle), and terminating in the line after it has generated the angle 
under consideration (t. «., with the other side of the angle). The 
first extremity is called the Origin of the arc, and the other the 
Termination. 

Ill's. — In Mg, 1, )et the angle AOB be considered as generated by a line 
starting from the position OA, and revolving around the point O, from right to 
left,* till it reaches the position OB. Oa being taken as unity, the arc od is the 
measuring arc of the angle AOB ; a is its origin, and b its iermination, 

12. In the generation of angles by means of a revolving line, the 
normal motion is considered to be from right to left, and the quad- 
rants are numbered 1st, 2d, 3d, and 4th, in the order in which they 
are generated. 

13. The Trigonometrical Functions are eight in num- 
ber; viz., sine, cosine, tangent, cotangent, secant, cosecant, versed- 
sine, and coversed-sine. These lines are functions of angles, or. 
what amounts to the same thing, of arcs considered as measures of 
angles, and are the characteristic quantities of trigonometry. 

14. The Sine of an angle (or arc) is a perpendicular let fall 
from the termination of the measuring arc upon the diameter passing 
through the origin of the arc. Thus in Fig. 2, hd is in each case 
the sine of the angle AOB, or of the arc axb. 

* The pupil wilf nnderatand that, if he imagioefl himself standing at the centre of moti ^\^, 
u the moving hody or point pagsee hefore him, the distinctions ** from rl8:ht to left.** and 
'* from left to right,** are easily made. 
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15. Tlie Trigonometrical Tangent of an angle (or arc) 
is a tangent drawn to the measnring arc at its origin, and limited 




Pio. 2. 

by the produced diameter passing through the termination of the 
arc. Thus in Fig. 2, ac is in each case the tangent of the angle AOB, 
or of the arc axh 

16. The Secant of an angle (or arc) is the distance from the 
angular point, or centre of the measuring circle, to the extremity of 
the tangent of the same angle (or arc). Thus in Fig, 2, Oc is in 
each case the secant of the angle AOB, or of the arc axb. 

17. The Versed-Sine of an angle (or arc) is the distance 
from the foot of the sine of the same angle (or arc) to the origin of 
the measuring arc. Thus, in Fig. 2, da is in each case the versed- 
sine of the angle AOB, or of the arc axb, 

18. The prefix co, in the names of the four trigonometrical func- 
tions in which it occurs, is an abbreviation for the word complement. 
Thus cosine means complement-sine, i, e., the sine of the comple- 
ment; cotangent means tangent of the complement; etc. The co- 
sine of 40° is the sine of 90° — 40°, or 50° ; the cosine of 110° is the 
sine of 90° - 110°, or — 20°; the cotangent of 30° is the tangent of 
60° ; the cosecant of 200° is the secant of — 110°. 

19. Construction of the Complementary Functions. 

— Let us now see how the complementaiy functions are constructed with refer- 
»nce to their primitives, premising that all arcs in Fig. 3> reckoned from A, are 
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to be i^ckoned around fix)m right to left in this discussion. 1st Let AP be 
any anc less than 90* ; then 90" — AP = aP is its complement. Now considering 
a as the origin and P the termination of 
this complementary arc, Pd is its sine^ at 
its tangent, 0^ its secant, and ad its versed- 
sine. Hence, Pd^ cUy Ot, and ad are resi^ect- 
ively the cosine, cotangent, cosecant, and 
coversed-SHie of the arc AP, or the angle 
AOP. 2d. Letting APP' beany arc between 
90* and 180% its complement is 90* — APP' 
or — aP', the — sign signifying that the arc 
is reckoned backward fi*om P' to a. But as 
the valiLes of the functions will be the same 
whether the origin be taken at P' or at a, 
we may take a as the origin of this comple- 
mentary arc, and P' as its termination, 
whence p' d! becomes its sine, a£ its tan- 
gent, 0^' its secant, and oudl its versed-sine. 
Therefore p'(i', aX^ Qi\ and ad\ are respect- 
ively the cosine, cotangent, cosecant, and Fio. 3. 
coversed-Bine of the arc APP', or the angle AOP'. 3d. In like manner, aP'* is 
shown to be the complement of arc APP'P" ; and as P"d", ai^ Ot^ and ad" 
are respectively the sine, tangent, secant, and versed-sine of this complement, 
Ihey are the corresponding cofunctions of the arc APP'P", or the salient angle 
AOP"« 4th. In the same way, it appears tliat P"rf"', at\ O^, and a(f" are the 
cosine, cotangent, cosecant, and coversed-sine of the arc APPP'T''^, or the 
salient angle AOP"'. Observe that 2^ a point on the measuring arc W* from the 
pnmilive origin^ is the origin ofaJlihe complementary functions, 

ScH. — ^It will readily appear from the figure that the cosine of an angle 
(or arc) is always equal to the distance from the foot of the sine to the vertex of (he 
angle (or the centre of the measuring arc). This is tlie more convenient prac- 
tical definition. Thus the cosine of AP is Pd:=DO; the cosine of APP' is 
P'd' = D'O. etc. 

20» Notation. — Letting x represent any angle (or arc), the 
several trigonometrical functions of it are writteL sin a:, cos a;, tana;, 
cot a;, sec a;, coseca:, versa;, and covers a;. They are read "sine a;," 
" cosine .r," " tangent a;," " cotangent a," etc. 



FUNDAMENTAL RELATIONS BETWEEN THE TRIGONOMETRICAI. 
FUNCTIONS OF AN ANGLE (OR ARC). 

[Note.— Thcpe fandamental relations mu«t be made perfectly familiar, 'fhey must be 
memorized, and be as familiar as the Multiplication Table. The Ptndent can do nothing in 
trigonometry without them.] 



The discussions in this treatise all proceed upon one general 
plan ; viz., — First obtain the particular property of the 
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sine and cosine, and from this dedtice aU tlie others 
according to the dependencies slioum in the foUow^ 
ing proposition. 

21. Prop. — The Fundamental Relatione which the Trigono* 
metrical Functions sustain to each other are: 



(1) sin'* a; + cos* a; = I; 

,^. , sin a; 

(2) tana;= ; 

.^. . cos a; 

(3) cota: = -: — ; 
^ ' sina;' 



(4) cota; = 



tana;' 



(6) seca; = ; 

^ ' cosa;' 

(6) coseca; = -: — ; 

(7) sec*a:= 1 + tan' a;; 

(8) cosec'a; = 1 + cot*aj; 

(9) vers a; = 1 — cosa;; 
(10) covers a; = 1 — sin a?. 



(The forms sin*a:, sec'a;, etc., signify the square of the sine, the 
square of the secant of a;, etc., and are read " sine square x,^ " secant 
square a;,'' etc. The student should distinguish between sin*a;, and 
sin x^.) 

Dem.— In Mg, 4, let x represent any arc as AP, less than 90*. Then PD = shi «, 
OD or Pd = cosa;, AT = tana;, OT = seca;, a< = cota;, Oi = coseca;, AD = versin a;, 
and ad = coversin x. 




(1). In the right-angled triangle POD, 
pd" + OD* = 0P% or am' a; + cos'a; = 1, 
sillce OP = radius = 1. 

(2). From the similar triangles POD and 
TOA, 

AT PD ^^,«„^_8ina; 

=-T = fy=:^ or tan x = 

OA OD' cosa;. 

(8). From the similar triangles POd and 
(Oa, 

at Pd ^ cosaj 

Oa Od' sma; 

(4). Multiplymg (2) and (3) together, 

iinajcosa; . ^ 1 

tana;cota;= : — = 1, oi tana; = — -- 

cosa; sma; cot« 



Pio.4. 



(5). From the similar triangles OTA and 
OPD, 



SJ = S5 ; but OP and OA each = 1, .% seca; = . 

OA OD' cosa; 
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(6). From the similar trian^i^les Ota and OPd^ 

Ot OP 1 

7^ = rv3f ^^ C08eC« = -: — . 

Oa Od amir 

(7). From the right-angled triangle OAT, 

OT' = oa' + XT', or sec'a? = 1 + tan"«. 

(8). From the right-angled triangle Oat^ 

OT = Oa' + oi*, or cosec'aj = 1 + cot*iJs, 
(9). AD = AO - OD, or versars 1 - cos a?. 
(10). od = aO — 0(f, or coyersa; = 1 — sin ois. 

Thus the fundamental relations of the fhnctions are established for an arc 

less than 90°. But it will readily appear that the relations are the same for any 

other arc. For example, let z = AP' be any arc between 90* and 180°. Then 

the triangle P'D'O giyes sin'aj + cos'a; = 1, since P'D' = sin a?, and OD' = cos x. 

AT' P'H' sin X 
The similar triangles P'D'O and OAT' giye —^ = ^, or tan a; = ; and the 

cos X 
similar triangles Pef O and faO give cot x =^ -: — . In like manner let the 

student observe the relations when x = APP'P", or an arc between 180° and 
270°. So also when x = APPP"P", or an arc between 270° and 360°. 

22. Cob. 1. — Tlie tangent and cotangent of the same angle are 
reciprocals of each other ; so also are the secant and cosine, and the 
cosecant and the sine. Thus, if tan a; = 3, cota; = | ; since cot a; = 

, . If seca; = 2, cosa; = *; since sec a; = -, or cos a; = • 

tana; *' cos ar seca? 

23. Cob. 2. — Sines and cosines cannot exceed 1. Tangents and 
cotangents can have any values frwn to <x>. Secants and cosecants 
can have any values between 1 a)id oo . Versed-sines and coversed" 
sines can have any values between and 2. These conclusions will 
readily appear from the definitions, and an inspection of Fig. 4. 



3 

SIGNS OF THE TRIGONOMETRICAL FUNCTIONS. 

24* JProp. — Angles (or arcs) considered as generated from right 
to left being called positive * and marked +, those considered as gen- 
fratedfrom left to right are to be called negative and marked — • 

• This Is purely an arbitrary oonveDtion. We might equally well rcTerse li 
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DfiM.— Tliis is a direct application of tlie significance of tlie + and — signs. 

,gee Complete School Algebra, pp. 20-23.) Thus, in Fig, 5, if the angle AOP, 

considered as generated by the revolution 
of a line from the position OA in the direc- 
tion of the arrow-head (from right to left), 
is called positive and marked +, an angle 
generated by the motion of a line from the 
position OA in the oppowte direction (from 
left to right), as the angle AOP" thus gen- 
erated, is to be considered negative and 
marked ~. Let it be carefuUy observed 
that it is the assumed direction of the 
motion of the generatrix that determines 
the sign of the angle (or arc). Two lines 
meeting at a common point may be con- 
sidered as designating either a + or a — 
angle, according to tlie direction of motion 
assumed. Thus the lines OAand OP', Fig, 
5, may form the positive angle measured 
Fm- 5. by the arc APP', or the negative, salient 

angle measured by the negative arc AP'"P"P'. q. e. d. 




25. Prop. — Radius being considered as always extending in the 
same dirediony viz., from the centre totoard the circnrnferencCy is 
always positive. 



26* JProp. — The sign of the sine of an angle between 0° and 180° 
being +, that of an angle between 180° and 360° is — . 

Dem.— In Fig, 5, we observe that the sines of all angles terminating in the 1st 
and 2d quadrants, i, c, between 0* and 180", may be considered as measured 
from the primary diameter AB, upward, while those of angles terminating in the 
8d and 4th quadrants, t. c., between 180" and 860", are reckoned downward 
from the same line; hence, the former being called +, the latter should be — , 
•w tlie two species are estimated in opposite directions, Q. B. D. 

A more elegant conception is to consider the sine as projected upon th6 diam- 
eter vertical to that passing through the origin, as aC / whence Od iB the sine 
of AOP (or arc AP). Now this line evidently is when Uie angle is ; and as the 
angle increases, the sine increases, being generated from upward^ and hence 
is called +. Tiiis is the same conception as we use in the case of the cosine. 
Adopting it, we see tliat sines reckoned from O upward are +, and downward 
— . Cosines reckoned from to the rights are + , and to the left;, — . 

27. Cor. — The cosecant of an arc has the same sign as its sine, 

flince coseca: = -; — ; and as 1, beins: the radius, is +, the sign of 

-, — is the same as the sign of sin x. 
Bin a; ° 



DEFINITIONS AND FUNDAMENTAL RELATIONS, 



28* Prop* — The sign of the cosine of an angle between 0** and 
90°, and between 270® and 360*^, is +, while that of an angle between 
90° and 270° is -. 

Dem. — In Fig, 5, we obterve that the cosines of all angles terminating in the 
1st and 4th quadrants, may be considered as estimated from the centre towarc 
the right, as CD, OD'" ; while correspondingly, the cosines of angles terminating 
in the 2d and 3d quadrants will be estimated from the centre toward the left, as 
OD', OD". Hence, by reason of this opposition of direction, the former are 
called + , and the latter — . q. e. d. 

29 • Cor. — The secant of an angle has the same sign as its cosine^ 
since these functions are reciprocals of each other. (See 27 •) 

30* Prop. — Tlie sign of the tangent of an angle between (f and 
90°, and also between 180° and 270°, is + ; while tJuit of an angle 
between 90° and 180°, and between 270° awt^ 360°, is — . 

Dem.— Since tan a; = , when sin« and cos x have like signs, tan « is + , by 

the rules of division; and when sin a; and cos a; have different signs, tan a; is —. 
Now, in the 1st and 3d quadrants* the signs of sin a; and cos x are alike, hence 
in these quadrants tana; is plus; but in 2d and 4th quadrants sin a; and cosai 
have unlike signs, and consequently in these tan a; is —. Q. b. d. 

31* Cor. — The sign of the cotangent is the same as the sign of the 

tangent of the same angle, since cot a; = r . 

tan^ 



32* JProp* — Versed-sine and coversed-sine are always +. 

Dem. — Vers as = 1 — cos a? ; and as cos a; cannot exceed 1, 1 — cosaj is al 
ways +. In like manner, covers a; = 1 — sin a?; and as sin a? cannot exceed 1, 
1 — sin a? is always +. q. e. d. 

ScH. 1. — It is essential that the laW of the signs, as explained above, be well 
understood, and the facts fixed in memory. Fig. 6 will aid the student in fixing 
the law in the memory. Having this constantly be- 
fore the mind, and remembering that tan and cot 
are + when sin and cos have like signs, and — when 
they have unlike, and that cos and sec have like 
signs, as also sin and cosec, or, more simply, tliat 

. sin , 1 1 , 1 

tan = — , cot = - — , sec = — , and cosec = -r-, 
cos tan cos sm 

the student cannot fail to know the sign of a func- 
tion at a glance. 

It will be of service to remember that versed-sine 
and coversed-sine, and aU the functions of angles 
of the 1st quad]*ant, are + ; but that of the other 
functions than the versed-sine and coversed-sine, of 
angles terminating in the other quadrants, but ttoo are + in each quadrant 

*Thi8 is a^convenient elliptical form for **an angle whose measuring arc terminates in the 
Ist quadrant,^* etc. 
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ScH. 2— The signs of functions of angles greater tlian 860* are readily deter- 
mined by observing in what quadrant the measuring arc terminates. Thus, 
■in 570* is ~, since an arc ot 570* terminates in the 8d quadrant In any given 
case, the sign of the ftmction is the same as the sign of the same function of th& 
remainder left after dividing the arc by 360*, or 2}r. Thus tan 1180* is the same 
as tan 100* ; }. «., it is — . The same may also be said of the value of the func- 
tion. 



LIMITING VALUES OF THE TBIGONOMETfilCAL FUNCTIONS. 

33. JProp.—Sin O** = :f 0, sin 90'' = 1, sin 180^ = ±0, 
Wi270°= —1, sin 360®= qpO, and the limits within whidi the 
sines of all angles are comprised^ are +1 and —1. 

Deh.— Let the point P be supposed to start from A and move around the 
circumference from right to left, and let x represent the angle (or arc) generated. 

Novr, when P is at A, aj = 0, and PD = 0. 
Moreover, if we consider the sine P'" D'" 
as reaching its limit, by the moving of P'" 
from some point in the fourth quadrant to 
the origin, the sine of 0* becomes — 0« sinco 
v)h(U is true qfa tatyintj quaitUty all (he way 
oi it approaches its limit, is assumed true at 
the limit. But, if the sine reaches its limit by 
the passage of the point P fh)m some point 
in the first quadrant to the origin, the sine 
of 0* is to be considered as +, since the 
function is + as it approaches its limit 
.*. sin 0* = =F 0.* As a? increases firom 0' 
to 90* (». «., as P passes fh)m A to a), PD is 
+ and increases from to 1 ( + to + 1). 
.*. sine ^* = 1. Asx continues to increase 
from 90*, sin x diminishes and becomes at 
180*. To determine the sign of sm 180*, we 
notice that it is + when the point P approaches this limit from the second 
quadrant, and ~ when it approaches it from the third quadrant, .-. sin 180* = ± 0. 
Conceiving x to go on increasing from 180*, sin a; appears below AB and is — , and 
beginning at — diminishes (a numerical inerease of a negative quantity being 
considered an absolute decrease) till at 270* it becomes — 1. .*. sin 270* = — 1. 
As X passes from 270* to 360*, sin x increases (see above) from — 1 to 0. The sign 
of this limit is ambiguous, as appears by regarding the limit as reached by the 
angle passing from something less than 360* to 360*, whence we have — , md also 
as reached by the angle passing ha4^ from something greater than 860* to 860*, 
whence the sign is +. .*. sm860* = T 0. Finally, as it is evident that these 
values would recur in the same order as the point P passed ai'ound again, the 
above comprise all real values of sines of angles, q. b. d. 

• It baa been cnstomary to disregard the sign of 0, in eucli a eeriee as — m ... — 8,-2, 
—1, 7 6, -I- 1, -I- 3, -I- 3, .... •¥ my whereas it ehonld be regarded as ambigaooa. as appears 
above. 
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34. Prop.— Cos 0^ = 1, cos 90** = db 0, co« 180^ = - 1, cos 270** 
= qp 0, cos 360° = 1, and the cosines of all angles are comjpnsed 
between + 1 and —1. 

Dbm. — Using the same figure and the same conception as in the last demon- 
stration, it is evident that as P approaches A, fromeUker direction^ that is as a 
approaches 0°, the cosine OD approaches to eqimlity with the radius and reaches 
it at :z; SB 0, being + in either case. .*. cos = 1. As a; approaches 90* from a 
lees yalue, i. e.^ from the first quadrant, cos iris +, and approaching + ; but as 
approaches 90** frt)m some greater value, t. 0., from the second quadrant, cos a; is 
— and approaching — 0. .% cos 90** = ± 0. In like manner we obseiTC that as 
X increases- from 90** to ISO"", cos x deereaaea (see Dbm. of 83) from to — 1, which 
it reaches at 180*, and this, whether the point is reached in one way or the 
other. .*. cos 180° =s — 1. Again, cos 270' = T ; since it is — if « passes to 
270° from some value Um than 270*, and + 0, if it passes from some value 
greater than 270. While x passes through the fourth quadrant, cos a; passes 
from to + 1, reaching the latter value when x = 360*. /. cos 860* = 1. Finally, 
as it is evident that the above values would recur in the same order as the gen* 
crating point passed around again, this discussion comprises all real values of a 
cosine. 



35. Prop.— Tan 0° = =f 0, tan 90° = ± 00 , tan 180° = if 0, 
tan 270° = =fc oo , ^a^ 360° = :p 0, and the tangents of all angles are 
comprised between -t- 00 and — 00 . 

"■ = -T- = T 0. From these results it appears that the tangent may 



cos 860° 1 

Lave any value wliatever from +00 to -* oo ; and as subsequent revolutions of 
the generatrix would evidently only repeat these values, these are all the real 
values of a tangent (Moreover, all n^ values are comprised between + oo 
and - 00). q. K. D. 

It is easy to observe the direction of the change in the tangent (whether it is 

sin 
Increasing or decreasing) by observing the fraction — . As the arc increases in 

the first quadrant, the sine increases and the cosine decreases, for both of which 
reasons the tangent increases, and hence changes more rapidly than either sine 
or cosine. The student should observe the change in each of the four quad- 
rants in the same manner. 

ScH.— These values of the tangent are illustrated by Fig, 7. Thus AT, which 
is +, becomes + when i* returns to A, or a; = 0. Also AT, which is — , 
and may be considered as the tangent of AP'", a negative arc, becomes — 0, 
when AP"' = 0. Again, if AP passes to Aa, AT passes to + oo. But, if P' 
passes hack 10 a, so that AaP' passes to Aa, or 90*, AT passes to — oo. /. We 
see that tan may be considered qp 0, and tan 90* = ± .00 . In like manner th# 
other ]imi{s are illustrated. 
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SO. Prop.— Cot 0** = ri: 00, co^ 90^ = =fc 0, COt 180° = :?= oo i 
cot 270° = ± 0, co^ 360° =; q: oo , a?id the limits of the cotangent are 

+ 00 , and — 00 . 

. Dbm.— These values are the reciprocals of the corresponding values of the tan- 

cos 
gent ; or they may be deduced from the relation cot = -;— , in a manner 

altogether analogous to those of the tangent Mg. 7 also affords geometrical 
illustrations of them. The student should not fail to deduce and illustrate 
them, and also to observe the law of change. 



37. Prop.— Sec 0° = 1, sec 90° = ± oo , 5ecl80° = - 1, «e(?270° 
= qp 00, 5ec360° = 1, and all real values of this function are com' 
prised between 1 and ± oo , and — 1 and qp oo . 

Dek. — These values are the reciprocals of the corresponding values of the 
cosine. The student should obtain them from the x^osine, and illustrate them 
from Mg. 7, observing the law of change. Thus beginning at OA = 1, which is 
the secant of 0*, the secant increases till x = 90°, when the secant OT becomes 
+ 00, if we consider this limit as reached thus ; but — oo , if we consider 
such an arc as AaP', whose secant is — OT', which becomes — oo, when the 
point P' passes back to a. 

ScH.—The series which represent the values of secants are, for the first and 
second quadrants, + 1, + 2, + 3, + . . . . + m, ± oo , — w, — . . . . —8,-2, 
— 1 ; for the third and fourth quadrants, — 1, — 2, — 3, — ... . — w, T oo , 
+ wi, + . . . . + 3, + 2, + 1, understanding the numbers in these series as rep- 
resenting a few terms of series which have an infinite number of terms of all 
values extenamg, in the first case, from + 1 to ± oo , and thence to — 1. It will 
be a good exercise for the pupil to write the series representing the values of 
each of the trigonometrical functions. Thus, for the sine, we have T 0, + J, + i, 
+ }, + 1, + J, + I, + i, ± 0, for the first and second quadrants, understand- 
mg that all values intermediate between those represented are included. For 
the second and third quadiants, we have, + 1, + i, + i, + i, ± 0, — i, — ii 

38. Prop.—Cosec 0° = rip oo , cosec 90° = 1, cosec 180° = ± oo , 
cosec 270° = — 1, cosec 360° = :^ oo , and all the real values of this 
function are comprised between 1 and =fc od , and — 1 and qp ^^' 

Dem. — Let the student demonstrate and illustrate as in the preceding article. 
Do not neglect to go through the whole in detail ; it is an important and 
excellent exercise. 



39. Prop.— Versin 0° = 0, versin 90° = 1, versin 180° = 2, ver- 
sin 270° = 1, versin 360° = 0, and the real limits of the function arc 
and 2. 
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Dem.— The student will readily deduce tliese results from tlie relation versa 
= 1 — cos a;. Thus when « = 0, vers = 1— cosO = l — 1 =0, etc. 



40. Frop* — Covers (f = 1, covers 90° = 0, covers 180° = 1, covey^s 
270° = 2, covers 360° = 1, aiid the limits of the real values of this 
fmction are and 2. 

Dbm. — The student should be able to give it 



41. General Scholium.— It is important to observe that in tlie case ot 
each of the above functions it changes its sign hy passing Virough or co. In fact, 
it is assumed, in mathematics, that a varying quantity which passes from + to 
— , does so by passing through or oo . The converse, however, is by no means 
tnie ; viz., that whenever a varying quantity passes through or oo , its si/jn 
necessarily changes.* 



* The Co-ordinate Ge- 
ometry aflbrds elegant il- 
lustrations of the theory 
of the change in valne and 
sign of these fanctions. 
(See Gen. Oeom., 23) 
etc.) The annexed Fig- 
ure represents a cnrve, 
(or as the stndent may 
be disposed to considei 
it, a series of curves), 
constructed as follows : 
On the indefinite line 
AEi ^ circumference is 
developed (as it were 
straightened out), the 
origin being at Ai &nd 
AE being the length ol 
the circumference. The 
5urves mn, w,'n\ mf'n" 
ire drawn by erecting 
at every few degrees 
fh>m At A hue equal 
to the tangent of the 
same number of de- 
gr<;es, above the line 
AE when the tangent is 
•i-,and heUyw AE when 
the tangent is —. Thus 

Aa = 46« in length, and od = tan 45« ; A« = 135«, and cd = tan 135*. Such line* as od, <Jrf, etc., 
are called ordinates of the curve. The law of change In these ordlnates Is manifestly the same 
as the law of change in tangents. We see that as we pass fh)m G** to 90<*, the ordinate (tan- 
gent) passes from to -i- oo. ^f 90* the ordinate (tangent) \%hoUi -k- and — , i. «., ± oo. So also at 
S70<>, and at other similar points. A similar device illustrates the changes in the other trigono- 
metrical ftinctions. Some may see the propriety of distinguishing oo as -i- and — , who, never- 
theless, do not see why it is necessary to make the same distinction in the case of 0. But a 
moment^s reflection will show that one distinction involves the other, since oo and are muta- 
ally reciprocals of each other. 
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42. ScH. The results of the preceding discussion of the signs and limits of 
the trigonometrical functions, 24 to 41, are exhibited in the annexed 
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DEFINITIONS AND FUNDAMENTAL BELATIONB. 15 

ntlGONOMETBICAL FUNCTIONS OF NEGATIYE ARCS (OB ANGLES). 

43. Prop. — Chatiging the sign of an arc {or angle) clmngea the 
sign of its sine, and consequently of its cosecant; t. e., sin (— a;) = 
— sin a,* and cosec (— a?) = — cosec x. 

Dem. — Ist, If the angle (or arc) is nnmerically Uis than 90", and +, it ends in 
the first quadrant, and hence its sine Is + ; bnt, if the angle (or arc) is unmeri- 
tally less than 90** and — , it ends in the fourth quadrant, and hence its sine is — . 
That is, X being numerically less than 90% sin(— «)= — sin«. 2d, If « is 
between 90** and 180* in numerical value, the arc ends in the second quadrant 
when a; is + , and hence its sine is + ; but when « is — , the arc ends in the third 
quadrant, whence its sine is — . /.In this case, also, sin (— a;) = — sin x. 8d, 
ir « is between 180* and 270° in numerical yalue and +, the arc ends in the 
third quadrant, whence sin a? is — , (— sin a?) ; but if the arc is ~, it ends in the 
second quadrant, whence its sign is +, [+ sin(— ar)]. /.In this case ^ sino; 
= sin (— aj), or sin aj = — sin (— x). 4th, In like manner the student will observe 
that — sin a? = sin (— a?), or sin aj = — sin (— a;), when x is between 270* and 860'. 
Moreover, since this order will recur as we pass around again, we learn that 
in any case the sign of the sine of a negative angle is the opposite of that of an 

equal positive angle. PhiaUy,cosec(-aj) = jjj^= 3^^^ = - gi^== - 

coseca^ q.b.ix 



44. Prop. — Clianging the sign of an angh {or arc) does not 
change the sign of its cosine or secant; i. e.j cos (— a;) = cosx, and 
8ec(— ir) = 8eca:. 

Dem.— 1st, When x < 90* and +, the arc ends in the first quadrant, and hence 
its cosine is + ; so, also, if aj < 90* and — , though the arc ends in the fourth 
quadrant, its cosine is still + . .*. cos (— a;) = cos x, (The student can supply the 

other three cases.) Finally, sec (— «) = = = seca?. Q. b. d. 

' •'' ^ ' cos(— a?) cosaj ^ 



4S. Prop. — Changing the sign of an angle {or arc) clianges 
the sign of its tangent, and consequently of its cotangent; u «., 
tan (— ir) = — tan a?, and cot (— a;) = — cot x. 



* The »tndent ihonld be carefhl to note the exact meaning of this expre«iiion. It is read 
**sine mina9 x ^ minns eine a;,'* and means that the sine of a negative angle (or arc) is eqna 
(numerically) to the sine of the same positiTe angle (or arc), bnt has Ihe opposite sign. 
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Dem. — This is an immediate consequence of tlie fact tliat changing the sign 

of the angle (or arc) changes the sign of its sine, but not of its cosine. Thus, 

. - . 8in(— a;) — sinaj sin « ^ ., ., x 1 

tan(— «) = ^ — r — r = = = —tana?. Also, cot (— a;) = ; 

cos(— a;) cosaj cosaj ' ^ ' tan(~a?) 

= — 1— =- J^=-cotx; or cot(- X) = '^'^-'l = -^g^ = -^ 
— tan aj tana? sm(— a;) — sma; sma 

= — .cot a?. 

Sen. — The proper sign of a function of a negatiye angle can always be ascer- 
tained by observing in what quadrant the measuring arc ends, in a manner 
altogether similar to that in which the signs of the functions of positive angles 
are determined. 



ORC 



KCULAB FUKCTIONS. 

46. Circular Functions are angles (or arcs) expressed aa 
functions of sines, cosines, tangents, or other trigonometrical lines. 

Ill's. — In the expression sin a?, we designate a sinCy t. c, a right line, merely 
using the x to tell wJiai sine, as the sine of 20*, of 135°, etc. But we often wish 
to speak of an angle (or arc) which has a particular sine, tangent, or other trigo- 
nometrical line. Thus, we say, " the angle (or arc) whose sine is i,*' " the angle 
(or arc) whose tangent is 3," etc. In tliis form of expression, it is evidently the 
angle (or arc) which is the thing mainly thought of; and it is conceived as de-^^ 
pendent upon its trigonometrical line. 

47. Notation, — The circular functions are written sin'^y, cos-'a;, 
tan-^2;, etc. ; and are read "the angle (or arc) whose sine is y,^ "the 
angle whose tangent is «," etc. 

Ill's. — The expressions x = sin-*y, and y = sin a;, are ultimately equivalent, 
since the first is " aj = angle whose sine is y," and the second, " y = the sine of a;." 
The only diflPerence is, that in the first form the angle (x) is the thing thought of, 
and the sine (y) is used merely to tell wJuU angle ; but in the second form, the sin^ 
(y) is the prominent thing, and the angle (x) is used simply to tell wJiat sine. This 
mutual relation has caused the circular functions to be called also Invei'se Func- 
tions, 

ScH.— This notation is rather an unfortunate one, inasmuch as it is the same 
as has been already adopted in the theory of exponents. The student will how- 
ever observe that the signification in this instance is altogether different from 
the former. Thus, since we write " the square of sine aj," sin'a; ; according to the 

theory of exponents, sin-«« would be -;-j-. bo also sin-'aj should mean 



sin^a; sin x 

Now, Uie former of these expressions would actually signify as indicated (though 
it were better to write it (sin a;)-*), while the latter does not mean at all what 
the theory of exponents would make it. Unfortunate as the notation is, it is 
probably best to retain it. It, doubtless, was suggested thus : If we havo 
y = a'x, we may write x = a-^y, so also y = ax^ may \ e written x = a-^y. 
This affords a parallelism in form, but not in signification. 
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EXERCISES. 

1. What IS the complement of 150° 21' 13".5 ? What the sup- 
plement? Give the complements and also the supplements of 
125° 15', 283° 21' 11", 36° 05' 02", and 89° 00' 12". 

2. How many degrees in the angle (or arc) -^ ? In f-r ? In the 
arc 2^? InJ^? InlJ^? 

3. How many times is the radins contained in 108° ? How many 
times in 2ir ? How many in 460° ? How many in 210° ? 

4. Radius being taken as the measure of the arc, by what are 45° 
represented? By what 90°? By what 180°? T^j what 225°? 
How many degrees does 1 represent, radius being the measure ? 

5. Find the length of a degree of the meridian upon a globe of 18 
inches diameter. 

6. Express 12° 22' 13" 11'" 05»^ in °, ', ", and decimals of a second. 
So also express 53°.51 in °, ', ", etc. 

7. How many degrees, minutes, and seconds in an arc equal to 
twice radius? three times radius ? Show that 27° is equivalent to 
^. That 10° to radius 10 ft. = 1.75 ft What radius gives 1° = 
1 inch ? 

8. Draw any angle, and construct its sine, cosine, tangent, or any 
other trigonometrical function, and then determine as nearly as prac- 
ticable the numerical values of the function by actual measurement. 

SoLUTTON.— -Given the angle MON, to find the numerical 
value of the tangent as near as practicable by measurement 
Taking any convenient unit, as OA, for a radius, and striking 
the arc Aa, di*aw AT tangent ♦o aA at A. Now apply OA to 
AT and find tlieir ratio (Part I., 36). In this case AT = IJ 
approximately, /. tan MON = 14. 

[Note. — The student should practice upon such exam- 
ples, finding the values of all the functions until the process, 
and the meaning of the numerical value of any function 
of an angle, are clearly seen.] 

9. Construct an angle whose sine is |, i, €., sin~*^. 

Solution. — Let O be the required angular point, 
and OA one side of the angle. Lay off from on 
OA 3 measures of any convenient length, making 
Oflf. Using Oa as a radius, describe the indefinite 
arc afA, Erect OC perpendicular to OA and take 
OC = % of Oa, Through C draw OP parallel to 
OA. Finally, draw OB through P. AOB is the 
angle required, since Oa being 1, the sine cf 
AOB, PD, is t AOB = sm-if. 

FiG.ia 




Fie. 9. 
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10. Construct an angle whose cosine is |. That is, construct 
cos-'f. 

SuG.— The constraction is the same as in the last example, except that instead 
of OC being drawn to limit the arc, a perpendicular is erected to Oa at i (the 
second point of division) from 0, and the point P located where this i}erpendicular 
intersects the arc 

11. Construct an angle whose tangent is 2. That is, construct 
tan-'2. 

Sua. — To construct this at O on the line OA, Fig. 10, take any convenient ra- 
dius, Oa, and stril^e the indefinite arc. Then erect at a a tangent, and make it 
equal to twice the radius used. Through the extremity of tliis tangent and O 
draw a Ime, and tlie angle between this and OA is tan-^2. 

12. Construct sec-*2; cot^^S; cosec-^lj^; an obtuse anglesin^'J; 
tan--X-3). 

Bug. — To construct sin-*i, see Mg, 7. Let OA be one side of the angle, and 
O the vertex. With any convenient radius draw the semicircumference AaB, 
and draw the perpendicular Oa. Bisect this perpendicular, and through the 
point of bisection draw a parallel to AB, intersecting the arc in the 2d quad- 
rant. Through this interaection draw a line, as OP'. Then AOP' (assuming the 
construction as specified, and not as in the figure) = sin-*i. 

13. Construct the following: tan~'l ; tan~"'(— 1); tan""*i ; 
tan-X-2) ; tan-'(-i) ; cos-^— i) ; sec-^-^) ; cosec-*(— 3) ; 
versin"4> versin"*lj. 

14. From the fundamental relations {21) deduce the following : 

8ina;==Vl— cos'a;; cosa;=Vl--sin*a;; tana;cota;=l; tan a; cos a; = sin a; 

sin X . cos a; . 1 1 * 

co8ic = -7 :sma; = — t — : 8ina;= - . ., ;cosrc= 



tana; * cota; ' Vl+cot'a; Vl + tan'a; * 
tana: = sina; seca:; cota; = cosa; cosec a:; tan x = ; sina; = 



^osa; seca;— 1 coseca:— cota; , Vl — sin*a; 
ver8ar= ^= ;cota;-- ^ 



cosec^a;— 1 sec a; cosec a; sma; 

15. Given tana; = |, to find the other trigonometrical functions 
of a;. 

Results'. Seca; = J; cosa;=f; 8ina; = -|; cosec a; = |; cot a 
= f ; vers x=:\\ covers a; = |. 

16. Given sin a; = |, to find the other trigonometrical functions 
of X. 

17. Given sec a; = 2, to find th« other trigonometrical functions 
of a^ 

18. Given tana; = — 1, to find the other trigonometrical functionb 
->{ X. 
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Results. — Cotic = — 1; secic = =fV^; cosec x = ±^^2"; sin z 
= =b jV^"; cos'T = q= 4^/2 ; yersin a; = 1 =fc ^^2"; coyersin a? = 
lq=i V^T 

[NoTB. — Observe closely the signs of the functions in Ex. 18.] 

19. In the preceding examples the constructions required haye 
been limited to angles less than 180°, but it is evident that an infi- 
nite number of angles (or arcs) according to the more comprehensive 
trigonometrical yiew, correspond to the same function. What angles 
or arcs haye their tangents each 1 ? What, each — 1 ? Construct an 
angle between 180** and 270**, whose sine is —J. What other angle 
less than 360** has the same sine? 

20. Haying giyen a sine, how many angles less than 180** corre- 
spond to it ? Construct the angle or angles less than 180** whose sine 
is |. How many angles less than 180** have the same cosine ? tan- 
gent ? cotangent ? (In each of the last three cases only one.) Con- 
struct y = cos-^i; y = cos~'(— i^). How are these angles related 
to each other? Construct y = tan""'3; y = tan~'(— 3). How are 
these angles related to eaqh other? (Restrict the constructions and 
questions in this example to angles less than 180**.) 

21. Given y = sin""*a;, show that cosy = v^l— a;*; tany = 
X 1 1 , 

^iZr^ ; secy = yY^T^ -; y = cosec-^- ; yers y = 1 - Vl -«*: 

22. What are trigonometrical functions of 450** ? Of 1350** ? Of 
900**? 

23. Show that the following are true for all integral yalues of n^ 
including : sin 4n- = ; sin (4n + 1) - = 1 ; sin (4n + 2) ^ = ; 

sin (4n 4- 3) -'= — 1 ; cos 47i - = 1 ; cos (47i -f-1) ~ = ; cos (47i -f 2) ^ 

/i <> Z *A 

= - 1; cos(47i + 3)| = 0; tan2M| = 0; tan(2n+ l)|=oo. 

24. What are the signs of the several trigonometrical functions 
of -110**? Of -35**? Of -500**? Of -2000? 

25. Prove that sin 30**= i, cos 30** = iA/3,tan30**= i\/3,and 
cot 30°= V3, sec 30**= \^/^, and cosec 30**= 2. 

Sua— Observe that the chord of 60* = 1, and that the sine of 30'= \ tht 
chord of 60**. Make the fi^re. 
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26. Prove that sin 45° = 4\/2, cos 45°= iV2, tan 45°= 1, cot 45' 

= 1, sec 45°= -/S, and cosec 45°= Vi. 

SuG. — Observe that sin 45* = cos 45° ; hence sin' 45' -f cos' 45° = 1, becomes 
2sin' 45** = 1. 

Sen. — The values obtained m the last two examples should be retained in the 
memory, as they are of frequent use. The functions of 80° and of 45° are 
always assumed to be known in any trigonometrical operation. 



\-'^ 



SUCTION 11. 



RELATIONS BETWEEN THE TRIGONOMETRICAL FUNCTIONS OF 
DIFFERENT ANGLES (OR ARCS). 

(a) function's ofe the sum or differeitce of angles 
(or arcs). 

48. Prop. — Tlie sine of the sum of two angles {or arcs) is equal 
to the sine of the first into the cosiiie of the second, plus the cosine of 
the first into the sine of the second. Thus letting z and y represent 
any two angles (or arcs), 

sin {x ■{- y) = sin a; cos ^^ + cos x sin y, 

DEM.^Let AOB and BOC be the two angles 
represented respectively by x and y. Draw the 
measuring arc aP'^ and the sines PD, and P'E of 
the angles. AOC = AOB + BOC, is the mm of 
the two angles. Draw P'D', the sine of the sum 
of the two angles. Then PD = sinaj, P'E = sin y, 
OD = cosa;, OE = cos y, P'D' = sin (a? + y\ and 

OD' = cos(aj + y)- 

Now sin (a? + y) = P'D' = EF + P'L. But from the similar triangles EOF, 

FF sin a? _- . a i /. 

-^^ = —T—. .', EF = smaj cosy. Also, from 
cosy 1 




ana POD, we have ^ = ^^, or 



the similar triangles P'EL and POD, we have ■p?f'=Qp»^^ 



P'L . 
smy" 



cosz 



,'. P'L = cos a; sin y. Substituting these values of EF and P'L, we have 
sin (a; + y) = sin a? cosy + cos a; sin y. q. e. d.* 

♦ This demonstration may seem defective, since the enm of the angles x and y, as represented 
in the diagram, is less than 90" ; nevertheless, in the General (Analytical) Geometry, we con- 
stantly proceed in a manner entirely analogous ; viz., ftrst produce the equation of a locus 
from some particular figure, and then make it general in application. The demonstrations in 
cases in which the sum of the angles is greater than 90**, etc., are similar, and some of them 
will be given in the Exebcisbb at the close of the section. It is not thought best to camber the 
purely theoretical part of the subject with such matter. 
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Cor. Si7i{90°-^x)=:cosx. Sin{lS0''+x)=:-'8inz. /Spi(270^f a:) 
= — cos X. Sin(dQO° + x) = sin x. 

Dkm.— From the proposition we have, 

sin {90* + «) = sin 90* cos x + CO890' sin aj = cos » ; 
since sin 90* = 1, and cos 90* = 0. 
In like manner, 

sin (ISO* + x) = sin 180" cosaj + cos 180° sin a? = — 8hi«; 
since sm 180* = 0, and cos 180*» = — 1. 

[The student will readily produce the other forms.] 



49* JProp. — Tlie sine of the difference iettoeen two angles {or ares) 
IS equal to the sine of the first into the cosifie of the second, minus the 
cosine of the first into the sine of the seco7id. Thus, letting x and y 
represent the angles, 

sin (a; — y) = sin a; cosy — cosa; siny. 

Dkm.— In sin{3J + y) = sinaj cosy + cos a; siny, substituting — y for y, wo 
have, sin (a? — y) = sin x cos (— y) -»- cos x sin (— y) = sin a; cos y — cos a? sin y ; 
since cos (— y) = cosy, and sin (— y) = — siny. {43 ^ 44.) 

CoR. SinidO^'-x) = cos x. /Si?i(180°— a;) = sin x. Si7i{270°-x) 
= — cosx. Sin{d60^ — a;) = — sinx. 

Dem. — This is simply an application of the proposition, as the preceding 
corollary is of its proposition. (The student will make it) Or we may deduce 
the results from the corollary under the preceding proposition by merely sub- 
stituting — X for X. Thus, sin (90* — a;) = cos (— x) = cos x ; sm (180*— x) r- 
— sin (— a;) = — (— sin x) = sin aj ; etc 



50. JProp. — Tlie cosine of the sum of two angles {or arcs) is equal 
to the rectangles of their cosines, minus the rectangle of their si7ws. 
Thus, letting x and y represent the angles, 

cos {x + y) = cos a; cos y — sin x sin y. 

Dem.— Taking the formula sin (a? — y) = sin a? cosy — cos x siny, and substi- 
tuting 90*— X for Xy we have, sin (90* — aj — y) = sin (90* — x) cos y — cos (90* 
— x) sin y. Now 90* — a? — y = 90* — (aj + y) ; and sin [90* — (a? + y)] = the 
sine of the complement of (x + y), or cos (a? + y). Also sin (90* — aj) = cos a? 
Hnd cos (90*— x) = sin x, .*. Substituting, cos {x'{' y) = cos x cos y — sin a; sin y. 

Cor. Cfc5(90** + a:)=-5ma;. Cos{lSO''-\'x)= -cosx. 0)5(270° -fa;) 
= sin X. Cos{SQO'* + a;) = cos x. 

Dem. — Apply the proposition. 
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51. Prop. — TJie cosine of the difference of two angles {or arcs) is 
equal to the rectangle of their cosines, plus the rectangle of their sines. 
Thus, letting x and y represent the angles, 

cos(a: — y) = cos a; cosy + sina? siny. 

Dkm. — In cos (aj+ y) = cos a? cos y — sin « sm y, substituting — y for y, wo 
have, cos(jj — y) = cosa; cos(— y) — sina? sin (— y), or cos(« — y) r= cosaj cosy 
+ sin aj sin y ; since cos (— y) = cos y, and sin (— y) = — sin y. [Nc tice that tlie 
last term becomes — sin x (— sin y), which equals + sin a? sin y.] 

Cor. Cos{90''-x) = sin x. Cos{lSO''-x) =^cosx. Cos (270°— a;) 
= —sin X. Cos (SeO"* -- x) = cos x. 

Dbm. — Apply tlie proposition. 

\^ 

S2» Prop. — Tlie tangent of the sum of two angles {or arcs) u 
eqtial to the stem of their tangents, divided hy 1 minus the rectangU 
of their tangents. Thus, x and y being the angles, we have, 



, , . . tan X 4- tan y 

tan {x +y) = r 7——. 

^ ^^ 1 — tana; tany 



^ m / V sm(aj+y) sinarcosy + cosajsmy ,^. .,. 

Dem. Tan {x + y) = 7 ^ = 2 . _-2. Dividmg numer- 

cos(a; + y) cosa? cosy — sinajsiny 

ator and denominator of the last fraction by cos x cos y * we have, tan (« + y) = 



sm X smy sma; sm y 
cos .r cos y _ cos a; 



cos y tan x + tan y . sm a? ^ ^ , 

/■I., = z -; smce = tanaj, etc., and 

X siny 1 — tana; tany cos« 



. sm X sm y ^ sm u, 

1 ^ 1 X 

cos X cos y cos a? cos y 

sin a; sin y _ sin x siny 

cos a; cos y "" cos x cos y ' 



Cor. ra?i(90**+.r)=: -cotx. Tan{lSO'''^x)=tanx. Tan{270'' + x) 
= - cot X. Tan{deO'' + a;) = ^aTJ x. 

* The three following fiorms may readily be obtained by dividing reepectiTely by sinx sin y, 

■■ , ^ * / X coty + cota; ^ , ^ l-t-cotxtany 

Bma:co8ty,andco8XBlny: vix., tan (« + y) = 3;^^!^— ^, tan (« + y) = -^^^— ^, and 

tan (a; + y) = — : r . Any one of these may be reduced to the one given in the prop- 

^ * coty—tanx '' ' o f *- 

osition, bv sabstitnting in it ^ — for cot^ and redacing. Notice that the form in the Prop, is is 

terms oi the tangents. Also observe tohy dividing by a certain term gives a particular form, 
Qud by which to divide to get a required form. 
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Dhm. Tan (90- + «) = ?i^^*i^ = -^^ = - cot<«: Tan (180' + *) = 
' cos(90 + «) — sina? ^ ' 

Bin(180" + aj) -sina? ^ 

— 7TS7^3 T = = tan aj, eta, etc. 

co8(180 +«) — cosaj * 



S3* JProp. — The tangmt of the difference ofttoo angles {or arcs) 
is equal to the difference of their tangents, divided by Iplus the rec^' 
angle of their tangents. Thus, x and y being the angles, 

, , . tan X — tan y 

tan (2; — y) = ——7 7-^ . 

^ ^' H-tana;tany 

Demokstuation. Tan (^ - y) = !!B^^ = «B^^ y-cosa^siny ^ 

cos (jc — y) cos ar cos y + sin a? sm y 
*Biii X cos y __ cos a; sin y sin a? ^ siny 

cos X cos y cos x cos y cos x cos y tan a; — tan y 

* : r— ^ = : r^— = z r — ^. Q. K. D. (See 

cos X cos y sin a;smy ^ sma? smy 1 + tan x tan y 

cos ar cosy cos a; cosy cosaj cosy 

foot-notes to preceding proposition.) This proposition is also readily deduced 

from the preceding by substituting in the formula tan {x + y\z:i tan a; + tan y ^ 

1 — tan aj tan y 
— y for y, and remembering tliat tan (— y) = — tan y. 



Cor. Ta7i{^0''—x)=zcotx.Ta7i{1^0''—x)=z--tanx. ^a/^(270^— ic) 
= cot X. Tan (360''— a;) = — tan i. 

DKM. Tan(90--.) = ^|^j = ^=cot.. Tan(180--*,^ 

cos (180* — aj) — cos a? ^ ^ cos (270* — a?) — sin aj 

^ .««^^ . sin(860*>— aj) —sin a? 

cotas. Tan(360^-a;) = J^;^"Lu i_ =-tana;. 

^ ' cos(36(P— a;) cosa? 



• These and the kindred formuim maybe produced by a direct application of the propoeitiou 
tan 90** + tan x tan 90* 1 

Th»B,tan(W + X) = j-^j^j^j5^ = -^j^^j^=_^__ =_cot«. (The reason fo. 

dropping tana; and 1 is that they are finite terms connected with infinities, as tan 90<* = «. Or, 

1 + ^"^ 1 tana; 
ofh4.,.oHaa ♦-«/Qftoj.«.\ tan 90° -t- tana; tan 90° oo 1 

otherwise, tan (90° ^■x) = ^^^^^^^ = — = - = ^^j^^, ^ince a 

___tana; --tanx 

finite divided by an infinite equals 0. Again, tan (180° + «) = i5ILi!21+i?Ef!_ = t!tE£ « 

1 — tan 180° tan x 1 
tan ar, since tAn 180° = 0, etc., etc. 
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34:. Prop* — Tlie cotangent of the sum of two angles {or arcs) iV 

equal to the rectangle of their cotangents minus 1, divided by ' their 

sum. Thus, X and y being the angles, 

' , . V cot a; cot V — 1 
cot (x + y)=z — - — -^^-- — . 
^ ^^ coty + cota; 

co&gcosy sina; smy 

Dbm C U 4- \ — ^^(^ "^ y) — cosa; cosy — sina; smy __ sina; siny "" sina? sin^ 

K y; — gjjj ^^ ^ yj— g. j^ ^Qgy ^ ^^g^ gjj^y — sina; cosy cosa; siny 

sina; siny sina; siny 

cosa; cosy ^ 

sina; siny cota;coty— 1 ^ .,.,..., 

= ■ = — T ^~ — . Q. E. D. Or we may deduce it thus, 

cosy cosa; coty + cota; ^ * 

sin y sm a; 



1-- 



. , \ — 1 _ 1 — tana; tany cot x coty _ cot a; cot y — 1 

' ~" tan (a; + y) ~ tan a? + tany " 1 1 "" coty + cota; 

cota; coty < 

Q. B. D. 

Cor. Cot{90''-^x)=:-^tanx. CotilSO"" -}- x) =cot x. Cot{270''+x) 
= — tan X. Cot (360°+ x) = cot x. 

Dem. Divifle cosine by sine, or take tlie reciprocals of tlie corresponding 
tangents Thus, cot (OO^ -h a;) = ^ ^^^^ ^ ^^ = -1;^^ = ■ tan a;, etc. 



55. Prop. — The cotangent of the difference of two angles (or 
arcs) is equal to the rectangle of their cotangents plus 1, divided by 
their difference. Thus, x and y being the angles, 

, , V cot a; cot V + 1 

cot (a? — v) = — I -—r — . 

^ ^' coty — cot a; 

Dem. Substitute — y for y, in the preceding formula ; or, divide cos (x — y) 
by sin (a; — y) and reduce ; or, take Uie reciprocal of tan (x — y\ and substitute 

— 7 for tan, 
cot 

Cor. Cot (90° - a:) = tan x. Cot (180° -cc) = - cot x. Cot (270°- x) 
= tan X. Cot (360°— jc) = — cot x. 

Dem. Same as above. 

ScH. 1. The formuta for the secant and cosecant of the sum and of the 
difference of two angles (or arcs) are not of suflScient importance to waiTant 
their introduction here ; some of them will be given in the exercises, as also the 
extension of those already given to the case of the sum of three or more angles, 

arcs. 
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BCH. 2. The results reached m this discussion are so important that wc will 
collect them into a 



(A) sin (a? + y) = 

(B) sin (« - y) = 

(C) ctw(aj +y) = 
P) co8(aj — y) = 

(E) tan (« + y) = 

(F) tan(a?-y) = 
(O) cot {x + y)z 
(H)cot(«-y) = 



TABLE. 

sina;cosy + cos a; sin y. 
sin X cosy -^ cos x sin y. 
cos X cos y — sin a? sin y. 
cosa; cosy -H sin a; sin y. 

tan X + tan y 
1— tanaj tany' 

tan a? — tan y 
1 + tan a; tany' 
cot a? coty — 1 

coty + cota? ' 
cot a; coty + 1 

coty — cotaj * 

(D 



X 


90«— a; 


90-+X 


180»-« 


180»+a; 


«70»-a; 


a70«+ 9 


860»-x 


860* -i-x 


tfine 


COBflJ 


cos a; 


sino; 


— Binx 


— cos a? 


— cosx 


— sinx 


sinx 


tfOBine 


einx 


— sin a? 


— cos a; 


— cos a; 


— sin a; 


sinx 


coeix 


COBX 


usngent 


cot a; 


-cot« 


— tana; 


tana; 


cot a; 


— cotx 


— tanx 


tanx 


cotangent 


tana; 


— tana; 


— cot« 


cot a; 


tanx 


— tanx 


— cotx 


cotx 



It will not be found difficult to memorize and extend set (I), if the student 
observes, that, when the number of whole quadrants is odd (as 90", 270®, etc.)^ 
the function clianges name (as from sin to cos, from cos to sin, etc.) ; but, when 
the number of whole quadrants is even, the flinction retains the same name. 
The sign of the sine and cosine is readily determined according to fundamental 
principles by observing where the arc ends, assuming x < 90°. Thus 180* + x 
ends in the third quadrant ; hence its sine (which in numerical value is sin x) is 
— , and its cosine is also — . As the signs of the tangent and cotangent of the 
same arc are alike, we have only to observe whether the sine and cosine, in any 
f^ven case, have like or unlike signs, in order to determine the sign of the tan- 
gent and cotangent For example, what is cot (630° + a; ) equal to ? The num- 
ber of quadrants being odd (7), the function changes name, and since the arc ends 
in the fourth quadrant, its sine is — , and its cosine + ; therefore cot (630* + a;) 
= — tana^ If in any given case x > 90®, determine the character of the function 
as above, on the hypothesis x < 90*, and then modify the result for the partic- 
ular value of X. Thus m the last case, if x was between 90* and 180°, its tan- 
gent would be — , and for such a value cot (630* + x) = tan x. Or, we may 
consider at firat whore the arc ends, taking into consideration the given value 
ofa;. 
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(J) FUKCTIONS OF DOUBLE AND HALF ANQLB8. 

S6^ JProp." Letting z represent any angle {or arc), 



(E) sin 2x = 2siii a; cos a; ; 

(L) cos 2x = cos'oj — sin* a; = 
2cos* a; — 1, or 1 — 2siu' x ; 



fiL€\ L n 2tana: 

/xT\ xo cot'a:— 1 



Dem. These resulte are readily deduced from (A), (C), (E), and (G). Thus, in 
«in (» + y) = sin a? cos y + cos a? sin y, if we make y = a?, we have sin %x = 
sin a; cos a; + cos a; sin a; = 2sin x cos x. (In like manner produce the others. ) 



57. JProp* — Letting x represent any angle {or arc), we have, 

(Q) taiiia:=±|/^ 



(0) sinf^ = ±Vi(l-cosaj); 



(P) cosia; = dbViCl + cosa;); 



cos a? 



+ cos a; 



(K) cotia: = =t|/l± 



cos a; 



cos a; 



Dem. From (L), 2sin*aj = 1 — cos 2ar, or sin a? = ± /y/i(i--cos2«). Putting 

\x for Xy this becomes sin ia; = ± ^i (1 — cos x). In like manner, from the same 

formula (L), 2cos'aj = 1 + cos 2aj ; whence, cos i« = ± \/i (1 + cos x). Again, 

^ , sinia; , - /I — cos x , ^, 1 . . /I + cosaj „ ^ 

tania;= r-=±V:: ; and cotiaj = :^ — 7-=±v^; . Q. B. D. 

cosia; ^ 1 + cosa; tan^aj f 1 — cosa; 

ScH. The sign of tlie function in the case of each of these is + if a; < 180' ; 
but can only be determined by the value of a; in any given case. 



EXERCISES. 

1. Prove from Fig, {a) that sin {x + y) = sin a; cos y + cos a? sin y, 
when X and y are each < 90*^, but a: + y 

> 90*^. 

2. Same as in Ex. 1, from (S), when 
X < 90**, X '\- y> 90^, and < 180% and 
y > 90° and < 180^ 

Bug. Inthi8case,8m(»-hy) = P'D' = P'L- ^ iiV d ^^ 

EF. In other respects the demonstration la 
identical with the preceding. This gives 
8in(aj + y) = cosa; smy — sma? cosy. But the ^^* 
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(ft). 



— sign is accounted for in the general formula, 
sin (a? + y) = sin» cos y + cos » sin y, by notic- 
ing that cos y is — , when y > 90* and < 180°. 

3. Same as in the preceding, when 
X > 90°, y < 90°, and {x ^ y) < 180°. 

Bug. Here sin (« + y) = P'D' = EF - P'L In 
all other respects the demonstration is identical 
with the other cases. The -^ sign hi this case 
arises from x being between 90' and ISO*, 
whence cos a; is —. 

[NoTB. A number of other cases may be 
devised, but the pl}ove illustrate the varieties.] 

4. From ^ty. 11,Art. 48, demonstrate 
geometrically the formula cos (a; + y) = 
cos a; cos y — sin x sin y. The same for 
each of the cases in Ex's 1, 2, and 3, 
above. 

Bug. In Fig. 11, cos (a? + y) = OD' = OF - 

LE. ^ = ^^,orOF = cosajcosy. -^ = 5^.0^ LE =smajsmy. 



5. Prove geometrically the relation sin {x — y) 
= sin xcoBy — cos x sin y. 

Bug. Let aP = a?, and since y is to be subtracted we 
measure it hack from P, and y = PP'. Now sin (a? — y) 
= PD'= EF - P'L. 

0. Prove from Fig. (d) that cos (a; — y) = 
cos a; cos y + sin x sin y. 



(c). 



DaA 





m. 



7. Given sin 45°= Vh and sin 30°= i to find sin 75°, and sin 15** 
Also tan, and cot. Result, sin 75° = .97, sin 15°= .26, nearly. 

Bug. Use formula (A .... H). 

8. Given sin 30°= J, to find sine, cosine, tangent, and cotangent, 
of 15°, 7° 30', 3° 45', and 1° 52' 30". Results, sin 15°= .2588, cos 15° 
= .97, nearly. 

Bug. Use the formulm in (57). Compare results with those found in the 
Table of Natm-al Sines, etc. 

9. Of what angles may the trigonometrical functions be found 
from sin 45°= iV2, by means of the formulcB in {S7) ? How ? 
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10. Prove that sin {x +y+ z) = sin a; cos y cos 2; + cos x sin y cos z 

+ cos X cos y Bin z " sin x sin y sin z. Also, cos {x + y + z) = 

cosa; cos y cos ;? — sin x sin y cos ;?; — sin x cos y sin ;?; — cos a; sin y sin 2j. 

., ., , ^ , . .V tana; + tan V + tan « — tan ic tan y tana; 

Also that tan {x + y +z):= - — r 3—^ 7 1 r-^ • 

^ l--tana:tany — tana;tan« — tanytana; 

Sue. Sin(» + y + z) = 8m[(x + y) + «] =8in(aj + y)cos2 + fees (x + y)siii«. 

Sen. Since if {x + y + z) = it, tan (« + y + «) = 0, we have from the last 
form, tana? + tan y + tan « = tana? tan y tang; t. «., if a semicircumference be 
divided into any three parts, the sum of the tangents of the three parts equals 
the products of the tangents of the same. 

^ ^ T> , , , / . \ sec a; sec y cosec x cosec y 

11. Prove that sec (x + y)^ ^-. 

^ ^ ' cosec X cosec y — sec a; sec y 

12. Prove that sin dx = 3sin x — 4sin' x. Also that cos 3a? = 

4cos'a; — Bcos x. Also, tan Sx = —z ?r- — = — . Also, cot 3x = 

^ 1 — Stan* X 

cot' X — 3cot a; ^ 

3cot*a;-l * 

Suoa Sin Sx = sm{2x + x) = sin 2aj cos a? + cos 2x sin a: = 2sin x cos aj cos « 
-I- (1 — 2sin'a;) sina; = 28in x cos' a? + sin a? — 2sin" x = 28in a; (1 — sin' x) + sin a> 
— 2sin" X = Ssina? — 4sin'a;. 

Tan ac = tan (2aj + a?) = 5 — f—J . In the latter substitute for tan 2aj its 

1 — tan 2a; tan x 

value in terms of tana?. 

13. Prove that sin 4x = 4(sin x — 2sin" x) cosaj. 

14. Prove that sin x = . \ , = — -; — ;-. 

1 + tan ix cot Ja; + tan ^x 

o sin jx 

o r,. ft . , , 28in ix cos ix 2tan ^x 2tan Ja? ^ 

Suo. Sm a? = 2sm ^x cos ia; = f- = -^ = — i-—- = - — : — yt-. To 

secijj secja; sec'iaj 1 + tan'Jaj 

cosioj 

pniduce tlie last fonn divide numerator and denominator of ; — - — 1^- by 
^ l+tan'ia? "^ 

tan ix, 

"I - T» i.1 i. X i 1 — cos a; . , . , 1 + cos a: 

lo. Prove that tan ^x = — : . Also cot ix = — : . 

* sma; * sma; 

Suo. From (L), (56\ 2sin' ia? = 1 — cos a;, and from (K), 2sin ix cos ia; = sin x. 
Divide the former by the latter. 






16. Find the trigonometrical functions of 18*. 

SoLunoN.—Letting x = 18', 3aj = 36**, and Sa? = 54', hence sin 2a? =: cos 3aj 
But Sin 2aj = 2sin a? cos aj ; and cos 3aj = 4cos* x — 8cos x ; hence 2sin a? cos a; = 
4cos' X — 3cos aj, or 2sin x = 4co8' a? — 8 = 4 — 48in* a? — 3. From which 4sin* x 

+ 2sin aj = 1. Solving this quadratic, we have sin a?, or sin 18° = -^^—j — 



neglecting the — root, since sin 18' is +. From this, cos 18° = ii/ 10 + 2/^/5. 
These may be put in approximate decimal fractions. 

17. Having given the functions of 18°, and 15° (Ex. 8), find those 
of 3° ; then of 6°, 12°, 24°, etc. 

Compare the results obtained with the values as given in the Table of Natural 
Sines, etc., obtaining all the values in decimal fractions. 



SECTION III . 

FOBSniLiE FOB RENDERING CALCULiBLE BY LOGARITHMS THE 
ALGEBRAIC SUM OF TRIGONOMETRICAL FUNCTIONS. 

S8* Since multiplication, division, involution, and evolution are 
the only elementary combinations of number which we can effect by 
means of logarithms, if we wish to add or subtract trigonometrical 
(or other) quantities, we have first to discover what products, 
quotients, powers, or roots, are equivalent to the proposed sums or 
differences. 



59. JProp. — To render sina; db siny, and cos a: ± cos y calculable 
by logarithms. 

Solution. From {55 y Sen. 2) we have sin (a? + y) = sinaj cosy + cosaj 
siny, and sin (x — y) = sin x cos y — cos x sin y. Adding these formulas 
sin (a? + y) + sin (a? — y) = 2sina;cosy. Nowputting x + y=xfy and x — y^zy'* 
whence x = j(a;' + y'), and y.= i {x' —y') ; we have sinaj' + siny' = 2sin \{Qif +y') 
cosK^ ~yOi or, dropping the accents, as the results are general, 

(A') sin a; + sin y = 2sin \(x + y) cos i(aj — y). 

Again, by subtracting formula B (55, Sch. 2) from formula A, and makuig 
•he same substitutions, we have, 

(B') sina; — sin y = 2cos \{x + y) sin ^x — y). 
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In like manner adding cos (« + y) = cos x cos y — sin a? sin y, and cos (« — y) = 
cos a; cosy + sinir siny, and making the same substitutions, we have, 

(C) cosa? + cosy = 2cosi(a; + y) cos 4(a; — y). 

Finally subtracting formula C (55, SCH. 2) from formula D, and making; 
tlie same substitutions, we have, 

(DO cosy — cos a? = 2'8in i{x + y) sin i(x — y), or 

cos a; — cosy = — 2sin-Ka? + y) sinl(aj -- y). 

60. Cor. l. — Tlie sum of the sines of two angles is to their differ- 
ence, as the tangent of one-half the sum of the angles is to the tangent 
of one-half their difference. 

Dbm.— Dividing A' by B', we have, 
sina? + smy _ sin ^x + y) cos ^x — y) _ sin ^x + y) cosKa^ — y) _ 
sinaj — siny "" cos i(x + y) sin i(x — y) "~ cos K^J + y) sin i(a; — y) "" 

tanK« + y)coti(a-y) = tani(« + y)x; — -j^ ^ = ^5i<£jtX). q. bl d. 

^ ^^ *' i\ <y' tan i(a; — y) tan i(a? — y) ^ 

61» Cob. 2. — The difference of the cosines of two angles divided by 
their stim is numerically equal to the product of the tangent of one- 
half the sum of the two angles into the tangent of one-half their 
difference. 

Dem.— Dividing D' by C, we have, 
cos a; — cosy . _ — sin K^? + y) sin ^x — y) __ ^ sin ^x + y) sin^a; — y) _ 
cos a; + cos y ~ cos \{x + y) cos i(a; — y) "~ co8i(aj + y) cos \{x — y) "" 
tanKaJ + y) tan i(aj — y). q. b. d. (Observe the opi)osition in signs.) 



62. JProh* — To render tan z =fc tan y calctilahle by logarithms. 

DEM.-Tan^±tany==g^±gHiy = s^^<^<>«y^^«^sjgj?^»^(!^^y) 
cosa; cosy cosa;cosy cosajcosy 

q. E. D. 



EXERCISES. 

Let the student deduce the following relations : 

-i r^ J. , X sin (a; + v) 

1. Cot X + coty = . ^ : ^\ 

^ 8ina:siny 

2. Sec X + secy = gco8i(.: + y) co8i(a:-y) ^ 

^ COS a? cos y 

3. Sec :r - secy = i^i^ii^ii^^i^Hli^:^. 

^ COS o; cosy 



CONbTRUOTION AND USE OP TRIGONOMETRICAL TABLES. 31 

4. 1 + COS a; = 2cos'iic. (See S7-) 

5. 1 — cos a; = 2sin'^a;. 

«• ^-Sf = *^-*(^ + y^' (^'^^^ A'byC',5,9.) 

cosa; + co8y *^ ^^^ 

o sin a: + sin y , ^ , . 

8. ^= — cot4(a; — y), 

cosa; — cosy *^ ^' 

- sin a; — sin y . , , . 

9. ^ = — cot Ux + y), 

cos x— cosy *^ ^^ 



SECTION IV. /-/ 

CONSTRUCTION AND USE OF TRIGONOMETRICAL TABLES. 

[Note. — In order to read this and the subsequent sections, the student needs 
a knowledge of the nature of logarithms, and the method of using common 
logarithmic tables. If he is familiar with the last chapter in Thb CoiiFLBTB 
School Algebra of this series, he is prepared to go on. K he has not this 
knowledge, he should read the introduction preceding the table of Logarithms 
before reading this section.] 

63. A Table of Trigonometrical Functions is a table 
containing the values of these functions corresponding to angles of 
all different values. In consequence of the incommensurability of 
an arc and its functions, these results can be given only approxi- 
mately; yet it is possible to attain any degree of accuracy which 
practical science requires. 

64. There are two tables of trigonometrical functions in common 
use, the Table of Natural Functions, and the Table of Logarithmic 
Functions, 

65. A Table of Natural Trigonometrical Functions 
is a table in which are written the values of these functions for 
angles of various values, the radius of the circle being taken as the 
measuring unit, and the function being expressed in natural num- 
bers extended to as many decimal places as the proposed degree of 
accuracy requires. 

66. A Table of Logarithmic Trigonometrical Funo- 
tions is the same as a table of natural functions, except that the 
logarithms of the values of the functions are written instead of the 
functions themselves, and to avoid tbe frequent occurrence of nega- 



32 PLANE TRIGONOMETRY. 

tive characteristics, the characteristic of each logarithm is increased 
by 10. For example, sines and cosines being always less than unity, 
except at the limit (55), and tangents of angles less than 45** and 
cotangents of angles greater than 45° being also less than unity, the 
logarithms of all such functions have negative characteristics. To 
obviate the necessity of writing these with their sign, the charac- 
teristic of each logarithm is increased by 10. 



67. JProh. — To compute a table of natural Irigonomefrical func^ 
tionsfor every degree and minute of the quadrant. 

Solution. — It is evident that an arc is longer than its sine, but that this 
disparity diminishes as the arc grows less. Thus, in a circle whose radius is 

1 inch, the length of the sine of an arc of 1"* would not differ appreciably from 
the arc. Much less should we be able to distinguish between the sine of 1' and 
the arc. Now, since when tlie radius is 1, a semicircumference = jr = 3.1416926, 
and also = 180', or 180 X 60 = 10800', we have the length of an arc of V = 

' Q^ = 0.0002908882 approximately. Assuming this os the sine of 1', we 

obtain the cosme thus, 

cos 1' =\/l - 8in« 1' =\/(l + sinl')X(l-sinl') = \/l.0002908882 X .9997091118 

= 0.9999999577. 

Having thus obtained suflSciently accurate values of sin 1' and cos 1', we can 
continue the operation as follows : from the formula sin (« + y) + sin (a; — y) = 

2 sin « cosy, and cos (« + y) + cos (aj — y) = 2 cos a? cos y, we have 

sin (aj + y) = 2 sin fccos y — sin (a? — y), 
cos (aj + y) = 2 cos a? cos y — cos (a; — y). 

Now letting y remain constantly equal to 1', and letting x take successively 
the values 1', 2', 3', etc., we have 

_ ( sin 2' = 2 cos V sm 1' — sin 0' = 0.0005817764 
For aj - 1 , -j cos 2' = 2 cos 1' cos 1' - cos 0' = 0.9999998308 

_ ( sin 3' = 2 cos 1' sin 2' -smr = 0.0008726646 
For .u - 2 , -J ^^g g, ^ 3 ^^g J, ^^g 2' - cos 1' = 0.9999996193 

_ j sin 4' = 2 cos 1' sm 3' — sin 2' = 0.0011635526 
For a? - 3 , ^ ^os 4' = 2 cos 1' cos 3' - cos 2' = 0.9999993232 

_ ( sin 5' = 2 COS 1' sin 4' — sin 3' = 0.0014544407 
For aj - 4 , j ^^g 5' _ 2 cos 1' cos 4' - cos 3' = 0.9999989425 
etc., etc. 

These operations present no difficulties except the labor of performmg the 
numerical operations. 

Of course 60 operations are required for every degree, and far 30*, 1800. But 
having computed the sines and cosines for every degree and minute up to 30° 
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we can complete the work by simple subtraction of values already found. For 
example, letting x = 30°, the first formula used abpve becomes 

sin (SO* + y) = cos y — sin (SO* — y), 
and from cos [x + y) — cos (aj — y) = — 2 sin « sin y, we have 

cos (30"+ y) = cos (30° — y) — sin y. 
Now making y successively. = 1', 2', 8', etc., tliese g\ye 

j sin 80' 1' = cos 1' ~ sin 29* 60' 

\ cos 30" 1' = cos 29* 59' - sin V 

j sm 30^* 2' = cos 2' - sin 29" 58' 

( cos 30" 2' = cos 29" 58' - sin 2' 

I sm 30" 3' = cos 3' - sin 29" 57' 

\ cos 30" 3' = cos 29" 57' - sin 3' 
etc., etc. 

All of these values which occur in the second members having been deter- 
mined in reaching sin 30" and cos 30*, those in the first members can be found 
by performing tlie requisite subtractions. 

Proceeding in this way till we reach 45", the numerical values otall sines and 
cosines become known, since the sine of any angle between 45" and 90", being 
the cosine of the complementary angle, will have been computed in reaching 
45". And so also the cosines of angles between 45" and 90" will have been 
computed as sines of the complementary angles below 45". 

The sines and cosines being computed, the corresponding tangents, cotan- 
gents, and, if need be, the secants, cosecants, versed-sines, and coversed- 

^ ^ . ^ ^ .X, , X. X SinaJ ^ 1 C08.15 

smes, can be calculated from the relations tanaj = , cotaj = - — or - — , 

* cos«' tan« sm* 

secjc = , coseca; = -^ — , versaj = 1 — cosa?, and coversa; = 1 — sin a;. 

cos a; sin a? 

€8. ScH. — If it is desired to obtain the natural functions of angles esti- 
mated to seconds, it is necessary that tlie values in the tables computed as above 
be extended to 7 decimals at least From such a table we may make interiJO- 
lations for seconds with sufficient accuracy for most practical ends, except 
for values near the limits, where the disparity between the variation of the arc 
and that of the function changes very rapidly. For example, let it be required 
to find sin 34" 24' 12" from the data sin 34" 24' = .5649670, and sin 84" 25' = 
.5652070. We observe that an increase of 1' upon the angle of 34" 24' makes 
an mcrease of .5652070 — .5649670 = .0002400 in the sine. Hence an increase 
of 12", or i of 1', makes an increase of i of .0002400, or .0000480, approxi- 
mately. Adding, we have sin 34" 24' 12" = .5650150. The student must be careful 
to notice whether an increase of the angle makes a numerical increase or a de- 
crease of the function, and add or mbtract as the case may require. 



69. JProb* — To construct a table of logarithmic trigonometrical 
functions. 

Solution. — Compute the natural sines and cosines as in the i)receding prob- 
lem. Take the logarithms of the values thus obtained, and add 10 to each 

3 
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cLaracteristic. The results are the ordmary tabular logarithmic sines and co- 
sines. For example, we find from the table of natural functions that sin 34** 24' 
r= .5649670. The logarithm of this number is 1.762023. Adding 10 to the char- 
acteristic, we have log sin 34' 25' = 9.752023, as usually given in the tables. In 
like manner the cosines are obtained. 

To obtain the tabular logarithmic tangents, we have from tan « = ii5^ 

log tan a? = log sin a? — log cos a?. If we now take the log sin x from the table as 
computed by the preceding part of this solution, and from it subtract the cor- 
^-esponding log cos a;, the result is the true log tan x, since the extra 10 in the 
tabular log sin and log cos is ^destroyed by the subtraction. Therefore, to this 
difference we must add 10 to get the tabular log tan, as above explained. For 
example, the tabulai- log sin34* 24' = 9 752023, and log cos 34*24' = 9.916614 
Hence, the tabular log tan 34° 24' = 9.762023 - 9.916614 + 10 = 9.836609. In 
like manner the tabular log cot a? = log cos a? — log sina? + 10. 

If thb logarithmic secants are required they can be obtained from the relation 

Bee a; = , which gives log sec a? = — log cos a?. In applying this by means 

cos X 

of the tabular fiinctions, it must be observed that the log cos a;, as we get it 

from the table, is 10 too great ; hence, the true log sec a; = — log cos x + 10. 

In tabulating log secants and cosecants, it is not necessary to add 10, since, as 

these functions are never less than 1, their logarithms are never negative. 

70. ScH. — The interpolations for seconds are usually made in the same way 
when using the logarithmic functions, as explained above for the natural func- 
tions. But to facilitate the operation, the approximate change of the logarithm 
for a change of 1" of the angle is commonly written in the table, in a column 
called Tabular DifferenceB, and marked D. . 



EXERCISES. 

1. Find from the tables at the close of the volume the natural 
trigonometrical functions of 25° 18'. 

Solution. — To fivd the sins and cosine we look in Table n., and find 25* at 
the top of the page. In the extreme left-hand column we find the minutes, and 
passing down to 18, find opposite, in the column headed N. sin (natural sine) 
42736 ; also in the column N. cos, we find 90408. Now, as these are the lengths 
of the sine and cosine as compared with radius, we know they are fractions. 
.-. Sin26' 18' = .42730, and cos 25* 18' = .90408. 

To find the tangent we turn to Table IV., and finding 25* at the top of the page, 
pass down the column of minutes, on the left-hand of the page, to 18, opposite 
which, and under the column headed 26**, we find 2698. To this we prefix the 
figures 47, which stand in the same colunm, opposite 11', and belong to the tan- 
gents of all the angles from 25" 10' to 25" 19', and are omitted in the table sim- 
ply 10 relieve the eye and to economize space. Thus we find tan 25*^ 18' = .472698^ 
tha number being known to be a fraction because the angle is less tlian 46* 
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To find the cotangent we look at the hoitom of the page in the same table till 
we find 25*, and then passing up the minutes column at the right hand, find 
cot25° 18' = 2.11552. 

]f the secarU were required we should be obliged to obtain it by dividing 1 by 
the cosine, as our tables do not include this function. Thus sec 25° 18' = 

C08 25M8' ~ 190^8 ~ ■^•^^^^• 

[Note. — Tables of secants and cosecants are sometimes given, but they are 
not of sufficient importance to justify their introduction into an elementary 
text-book.] 

2. Show that sin 37° 43' = .61176 ; cos 37° 43' = .79105 ; tan 37° 43' 
= .773353; cot 37° 43'= 1.29307; sec 37° 43'= 1.264142; cosec3r 
43' = 1.634628 ; vers 37° 43' = .20895 ; covers 37° 43' = .38824. 

3. Find that sin 64° 36'= .90334; cos 64° 36' = .42894; tan 64° 
36' = 2.10600 ; cot 64° 36' = .474835 ; sec 64° 36' = 2.331328 ; cosec 
64° 36' = 1.107003 ; vers 64° 36' = .57106; covers 64° 36' = .09666. 

Bug. — In looking for sines and cosines of angles above 45*, seek the degrees 
at the bottom of the page, and be careful to obseiTe that the columns of sines and 
cosines, as named at the top, change names when read &om the bottom. The 
foundation of this arrangement will be readily perceived. Thus, turning in 
Table II. to 24** 32', we find sm 24" 32' 3= .41522. But sm 24* 32' = cos (90 - 24" 32') 
= cos 65° 28' = .41522. Thus the degrees and minutes read from the bottom of 
the page are the complements of those read from the top. 

4. Find that sin 42° 27' 12" = .67499; cos 42° 27' 12" = .73783; 
tan 42° 27' 12" = .914834; cot 42° 27' 12" = 1.09309. 

Sua— Sin 42** 27' = .67495, and sin 42' 28' = .67516. .-. An mcrease of 1' fai 
the angle makes an increase of 21 (hundred-thousandths) in the sine, and 12" 
will make iJ or i as great an increase, approximately. Observe that in the case 
of cosine an increase of the arc makes a decrease of the function. 

• 5. Find that sin 143° 24' = 0.596225 ; cos 151° 23' = .877844; 
tan 132° 36' = 1.08749 ; and cot 116° 7' = .490256. 

SUG.— Sm 143* 24' = sin (180* —143' 24') = sin 36** 36'. Also the trigono- 
metrical function of any angle is numerically equal to the same function of its 
supplement (56), 



6. Find the logarithmic trigonometrical functions of 32° 15' 22' 
from the tables at the end of the volume. 
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SOLUTION. — Turning to Table II. we find 82° at the top of the page, and 
opposite 15', and in the column L. sin (logarithmic sine), we get 9.727228 ; i. e.^ 
log sm 82" 1,5' = 9.727228. Now from the cohunn of differences, D. 1", we learn 
that an increase of 1" of the arc at this point makes, approximately, an increase 
ol 8.84(millionths) in the logarithm of its sine. Hence, we cumms that an in- 
crease of 22" makes 22 x 8.34 = 73 (milUonths). .'. log sm 82° 16' 22" = 9.72722S 
+ .000073 = 9.727301. In a sunilar manner we have log cos 32° 15' = 9.927281. 
An increase of 1" in the arc makes a decrease of 1.88 (millionths) in the log cos. 
.*. an increase of 22" makes 29 (millionths) decrease in the log cos, and log co? 
82" 15' 22" = 9.927202. Log tan 32° 15' 22" = 9.800100 ; and log cot 32* 15' 22" = 
10.199901. 

7. Find that log sin 24*^ 27' 34" == 9.617051 ; log cos 26^ 12' 20" = 
9.952897; log tan 26° 12' 20" = 9.692125 ; log cot 126** 23' 60" = 
9-867679. 

Sue.— Observe cot (126'' 23' 50") = cot (180°- 126' 23' 50") = cot (53° 86' 10"). 
Also that angles above 45° are found at the bottom of the table ; and remember 
to subtract the correction for co-functions, if an increase of arc is assumed. 



8. Given the natural sine .45621, to find the angle from the tables. 

Solution. — Looking for this sine in the table of natural sines, we find the 
next less sine to be .45606, and the angle correspondmg, 27° 8'. Now, at this 
point, an increase of 1' in the arc makes an increase of 26 (hundred thousandths) 
in the natural sine. But the given sine .45621 is only 15 (hundred thou- 
sandths) greater than .45606, the sine of 27* 8'. Hence the required angle is 
but ii of 1' or 60" =35", greater than 27° 8'. .-. sin-*.45621 = 27° 8' 35", 
and its supplement 152^ 51' 25", which has the same sign, and these arcs in- 
creased by every multiple of 2;r. 

9. Find sin-^62583; cos-\34268; tan-\468531; cot-^876434. 

Besults. Sin-^62583 = 38° 44' 35", and 141° 15' 25"; and these 

arcs increased by every multiple of 2'jr. 
cos-'.34268 = 69° 57' 36", and 360° - 69° 67' 36" = 

290° 2' 24'', and these arcs increased by every 

multiple of 2;r. 
tan-'.468531 = 26° 6' 16", and 180° + 26° 6' 16" = 206° 

06' 16", and these arcs increased hy every multiple 

of 2ie. 
cot->.876434 = 48° 46' 3", and 180° + 48° 46' 3" = 

228° 46' 03", and these arcs increased hy every 

multiple of 2ie. 
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SuG. — Observe that an increase of the arc makes a decrease of its co-functions. 
Ln the table of tangents as given, Table lY., the proportional parts given at the 
bottom of each column are the approximate changes which the functions 
undergo for a change of 1" in the function. Thus, in finding cot-* .876484, we 
find cot-» .8764^2 = 48* 46' ; and at the bottom we find that a change of 8.64 
(millionths) in the fi motion makes a change of 1" in the angle. Hence, as the 
given cotangent is 28 (millionths) less than the cotangent of 48*" 46', the angle 
required is 28 -*- 8.64 = 8 (seconds), greater than 48* 46'. 

Tl» ScH. — ^It is usually best to take firom the table that function which is nearest 
in value to the given function, and then increase or diminish the corresponding 
arc as the case may require. If we always take from the table the next less 
function than that given in the example for sine, tangent, and secant, and the 
next greater for the cosine, cotangent, and cosecant, corrections for seconds 
will require always to be added. If we always take from the tables the func- 
tions v^ext less than the one given, the corrections for seconds must be added for 
sine, tangent, and secant, and subtracted for the co-functions. If we were always 
to take from the tables the next greater function than the one given, the 
seconds corrections would be added for the co-functions, and pihtracted for the 
others. 

[Note. — It is very important that the pupil become so fkmiliar with the 
nature of these tables as to use them intelligently, and not mechanically. For 
this reason we refrain fh)m giving the usual specific, mechanical directions for 
their use, and substitute illustrations showing how they are used in accordance 
with the principles upon which they are constructed.] 

10. Find sin-^- .34256); coff-»(- .62584); tan-»(- 3.41621) ; 
coir^- 1.21648). 

Results. sin-*(-.34256) = 200° 1' 58", and 33.9° 58' 02", and these 

arcs increased by every multiple of 2'^. 
co8-X--5^584) = 128^ 44' 38", and 231° 15' 22", and these 

arcs increased by eyery multiple of 2'jr. 
tan-H- 3.41621) = 106° 18' 57", and 286° 18' 57", and 

these arcs increased by every multiple of 2flr, 
cot-*(- 1.21648) = 140° 34' 42", and 320° 34' 42", and 

these arcs increased by every multiple of 2'r. 

Bug. — To obtain these results the pupil will need to recall the principles in 
the corollaries to {4:8—55), Thus, to find cot- »( — 1-21648), we find firom 
the table that cot-X1.21648) = SO** 25' 18" ; and fi-om {55) Cor., we learn that 
cot (180"- X) := - cot X, .-. Cot-*(- 1.21648) = ISC'* - 39" 25' 18" = 140* 84' 42". 
Again, fi'om the same corollary, we learn that cot (360° — «) = — cot a?. 
. •. Cot-'(- 1.21468) = 360' - 39* 25' 18" = 820' 84' 42". 



11. Given the logarithmic sine 9.451234, to find the corresponding 
Angle. 
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Solution.— The next nearest log sin found in Table II., is 9.451204 = log 
sin 16** 25'. Now we learn from the table that an increase of 1" in the angle at 
this point, makes an increase in its log sin of 7.14 (millionths). But the ^yeo 
log sin, 9.451234, is 30 (millionths) greater than log sin 16** 25'. /. The required 
angle is 30 •*- 7.14 = 4 (seconds) greater than 16** 25' ; and we have sin 16- 25' 4" 
= 9.451234. Again, as sin 16° 25' 4" = sin (180° - 16° 25' 4") = sin 163° 34' 56' 
the latter angle has for its log sin 9.451234 Finally, either of these angles iru 
creased by any multiple of 2;r has the same logarithmic sine. 

12. Show from the table that the angle whose log cos is 9.778151, 
is 63° 7' 49", and also 306** 62' 11", and each of these angles increased 
by any multiple of 2*. 

13. What angles correspond to the logarithmic cosines 9.246831 
and 9.889372? 

14. Find from the tahle what angles have for their logarithmic 
tangents 9.895760, 10.631054, and 11.216313. 

Results. The first two are the log tans of 38** 11' 20", and 73^ 
35' 43", and also of 180** + either of these angles, and each increased 
by any multiple of %if. 

15. Find the angles corresponding to the logarithmic cotangents 
10.008688, 9.638336, and 9.436811. 

Results. The first two are the log cots of 44° 26' 37", and 66° 29' 
64", and also of 180° + either of these angles, and each increased by 
any multiple of 2'r. 



72. ScH. — Strictly speaking, negative numbers have no logarithms; since 
no base can be assumed, such that all negative numbers can be represented by 
said base affected with exponents. It is therefore customary to say that nega- 
tive numbers have no logarithms. Nevertheless, we do apply logarUhms to nega- 
Uve trigonometrical functions. Thus, if we have — cos x, the — sign is inter- 
preted as simply telling in what quadrants x may end ; while, in other respects, 
the function is treated exactly like + cos x. 

16. Given log (- cos a;) = 9.346251, to find x. 

Solution. — The logarithmic cosine 9.346361, considered independently of its 
sign, corresponds to 77** 10' 35". But the — sign requires that the arc shall end 
in the 2d or 3d quadrant, for such angles, and such only, have negative cosines. 
•. The angles required are 180'' ^F 77' 10' 35" = 102*' 49' 25", and 257*' 10' 85", 
and these increased by entire circumferences, as all these angles have loga- 
rithmic cosines, which are numerically equal to 9.346261, and the cosines them- 
selves are negative. 

17. What angle less than 180° has a negative cosine whose tabu 
lar logarithmic value is 9.653825 ? Ans. 116° 47' 4", 
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18. What angle lebj than 180** has a negative tangent whose tabu 
lar logarithmic value is 9.884130 ? Ans. 142° 33' 15" 

19. What angle less than 180** has a negative sine whose tabular 
logarithmic value is 9.341627 ? 

20. What angle less than 180** has a negative cotangent whose 
tabular logarithmic value is 9.564299 ? Ans. 110° 8' 15". 

21. Find values of a; < 180° which fulfil the following conditions : 

log (- cos x) = 9.562468 ; log (- tan x) = 10.764215 ; 
log (- sin x) = 8.886432; log (- cot x) = 11.152161. 

EesuUs. 111° 25'; 99° 45' 54"; none; 175° 58' 14". 

22. Having at hand only the common logarithmic tables of trig- 
onometrical functions, and the table of logarithms of numbers, I 
wish to find the number of degrees, minutes, and seconds corre- 
sponding to the natural tangent 2.16145. How is it done, and what 
is the result? 

Answer: Find the logarithm of 2.16145, to this add 10, and find 
the angle corresponding to this tabular logarithmic tangent. The 
angle is 65° 10' 20". 

23. From the same tables as above find the natural cosine of 
35° 23'. Also what angle corresponds to natural tangent 2. 

24. From the same tables as above find the angle corresponding to 
natural tangent — 1.82645. Also to natural cosine — .42536. 

25. Why is it in the table of logarithmic functions that the sine 
of an angle minus its cosine + 10 gives the tangent ? Why that cosine 
— the sine + 10 gives the cotangent ? Why that the sum of the tan- 
gent and cotangent of any angle = 20 ? Why is but one column of 
tabular differences needed for tangents and cotangents, while the 
sines and cosines require each a separate column ? 



FUNCTIONS OF ANGLES NEAE THE LDOTS OF THE QUADRANT. 

TABLE III. 

[Note. — This subject may be omitted in an elementary course, the first tim« 
going over, if thought best] 

75. Failure of Table II. — The method which has been given 
in the preceding pages for finding the logarithmic functions of angles 
involving seconds, by means of the Tabular Differences, Table II., iH 
sufficiently accurate in most cases for practical purposes, but ia 
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entirely too rude for the sines, tangents, and cotangents of angles 
near the beginning of the quadrant (those less than 2° or 3°), and 
for cosines, tangents, and cotangents of angles near the close of the 
quadrant (those between 87"* or 88'' and 90*^), An example will 
render this clear. Suppose we wish to find log sin 1' 12". We find 
from Table IL, log sin 1'= 6.463726; and also that the average 
increase of the log sin between 1' and 2' is 5017.17 (milliontLs) for 
every second increase of the angle. But this average rate of increase 
©f the function during the minute is much less than its real rate of 
increase in the first part of the minute, as from I'to 1'12", and much 
greater than the real rate of increase in the latter part j as the angle 
approaches 2'. In fact, we see from this table, that we should use 
2934.85 as the increase of log sin 2' for 1" increase of the arc. Now, 
in our proposed example, we want the increase of the log sin while 
the angle is passing from 1' to 1' 12". This, as shown above, is con- 
siderably more than 5017.17 (million ths) for every second. 

The cosine being the sine of the complement is subject to the same 
law of change near the close of the quadrant, that governs the sine 
at the beginning. 

The case of the tangent of a small angle is similar to that of the 
sine ; and since the cotangent is the reciprocal of the tangent, it 
has the same law of change, only that the one increases as the other 
decreases. Thus, since doubling a small arc, as 1", doubles its tan- 
gent (approximately), it divides its cotangent by 2. 

Finally, while the law of change in the sine is very different neai 
the close of the quadrant from what it is near the beginning, the 
sine changing very rapidly at the beginning and very slowly at the 
close, atid the cosine is just the opposite, the tangent, and cotangent 
have the same law of* change at both extremities of the quadrant. 
Thus, if near the beginning of the quadrant a certain small increase 
of the arc increases the tangent at a particular rate, it decreases the 
cotangent at the same rate, since these functions are reciprocals of 
each other. Moreover, since tan 1° = cot (90° — 1°) = cot 89% 
cot 89° changes according to the same law as tanl°; and tan 89 
changes reciprocally with cot 89°. 

74. Description of Table III. — The first page of the table 
enables us to find the sines of angles less than 2° 36' 15" (and con- 
sequently the cosines of angles between 87° 23' 45" and 90°) with 
very great accuracy. The columns headed Angles contain the degrees, 
minutes, and seconds of the proposed angles, and the columns at 
their right give the same angles in seconds. The columns headed 
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Diff. contain the corrections to be used according to the following 
problems. The second and third pages answer a similar purpose 
with reference to tangents and cotangents of arcs within 2° 36' 20" 
of the limits of the quadrant 



75. Prop. — Letting x represent any number of seconds less than 
2** 36' 16", we have, 

log sin a:" = 4.685575 + logo; — DiflT. 

Dem.— The length of 1" of an arc to radius unity is 8.14159265358979 (the 
l^igth of the semicircumference) •*- 648000 (the number of seconds in 180**), and 
= .00000484812. For practical purposes this fraction may also be taken as the 
sine of 1". Though, actually; the sine is less than the arc, the expressions for 
arc 1" and sine 1" agree to as many places of decimals as we have here. Again, 
for these small arcs the sine increases at nearly the same rate as the arc, so that 
Bin 8" = .00000484812 x 8 nearly; sin 102" = .00000484812 x 102 nearly; these 
results being slightly in excess of the true values. It is the correction for this 
excess that is furnished by Table III. in the colunms marked Diff, But this 
table is adapted to logarithmic computation; hence we have log sin a?" = log 
sin 1" + log X — Diflf. In this expression log sin a?" is the logarithm of the natu- 
ral sine of scf' (not increased by 10, as each function in Table 11. is) ; log sin 1" 
+ log a;, that is, the logarithmic sine of 1" plus the logarithm of the number of 
seconds, corresponds to multiplying the sinl'' by the number of seconds, and 
gives the logarithm of the product, or strictly, the logarithm of the length of the 
arc of a;". Now, the sine otx'* being less than the arc, its logarithm is less than 
the logarithm of the length of the arc. Just how much less the table tells. This 
difference, therefore, between the logarithm of the arc and the logarithm of its 
fine, which is given in the table, is to be subtracted. Finally, to make this 
result agree with Table IL we must add 10 to the result Now, log sin 1" = 
log .00000484812 = 6.685575, and addmg 10, we have 4685575. 

.-. log smaj" = 4685575 + log a? — Diff, 
a result which agrees with the logarithmic functions in Table IL Q. b. d. 

76. Cor. 1.— 7b obtain the log cos of an angle between 87° 23' 46' 
%nd 90^ y from this table, take the log sin of its compl&msnt. 

77 • Cor. 2.— 7b obtain the log tan of an angle less than 2° 36' 20", 
from this table, use the formula, 

log tan x" = 4.685575 + loga; + Diff. 

Dbm.-— For as small an arc as 1", sine, arc, and tangent are practically 
equal ; hence, log tan 1" = log sm 1'' = 4685575 (10 being added). Moreover, 
for these small arcs the tangents increase (like the sines) in nearly the same 
ratio as the arcs; hence, we add logaj. Finally, the tangent is a little m excess 
'>f the arc, which excess is s:iven in the table, and is to be added, q. e. d. 
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78. Cor. d.—To oUain the log cot of an angle less than 2® 36' 15', 
from this talUy use the formula, 

log cot a?" = 15.314425 - log a; - DiflE: 

Demonstration.— Since cot a?" = j;;^^' log cot «" = log 1 - log tan *" 

= 20 - (4686575 + log a? + Diflf.) = 15.314425 - log a? - Diff: The 20 arises 
from adding 10 twice to log 1 (= 0). One 10 is added because 4685575 is 10 in 
excess of the true log tan 1" ; and Uie other 10 is added in order to make the 
log cot x" agree with the ordinary tabulated value, as in Table II. Q. B. d. 



79. Cor. 4.— 7b obtain the log tan of an angle between ST 23' 45" 
and 90**, take the log cot of its complement ; and to obtain the log cot 
of an angle between the same values, take the log tan of its complement. 



80. JProb, — Saving given a log sin less than 8.657397 {the log 
bin 2° 36' 15"), toJiJid the corresponding angle. 

Solution.— From log sin a?" = 4685575 + log aj — Diff., we have, log « =s 
log sinaj" — 4685575 + Diff. Hence, if from the given log sin» we subtract 
4.685575, and then add the proper correction as furnished by Table IIL, we have 
the logarithm of the number of seconds sought But we cannot tell what Diffl 
to take till we know the number of seconds. To meet this difficulty, find the 
angle corresponding to the given log sin from Table II., and I'educe it to seconds. 
This will be sufficiently accurate to furnish the required Diff. 



81. Cor. 1. — Having given a log cos less than 8.657397 {the log cos 
of 87° 23' 45"), to find the corresponding angle, treat it as if it wm*e a 
log sin, and having found the corresponding angle, take its comple- 
ment. 



82. Cor. 2. — For log tan and log cot, the formulce in {77 j 78), 
give, 

log X = log tan x" - 4.685575 - Diff., 

and, log X = 15.314425 - log cot xf' - Diff. 

These are applied as in {80) ; that is, the Diff. to be subtracted is 
found by getting from Table II. the required angle in seconds, as 
near as may be, and then take from Table III. the corresponding 
Diff. 
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EXAMPLES. 

1. Find the log sin, tan, and cot of 1** 11' 16". 

Solution.— Log sin 1** 11' 15" = 4.685575 + log 4275 - .000031 = 8.816480. 
1' 11' 1§" = 4275". Since 4275" is between 4230" and 4300, the DiS. is 81 
fmillionths). 

Logtanriri5"= 4685575 + log 4275 + .000062 = 8.816573. 
Log cot 1' 11' 15" = 15.314426 - log4276 - .000062 = 11.683427. 
Or, log cot can be found by subtracting log tan from 20. 

2. Verify the following by using Table III. : 

log sin 66' 26" = 8.215242 ; log tan 56' 26" .- 8.215301; 
log cot 66' 26" = 11.784699. 

3. Verify the following by using Table III. : 

log cos SB"" 17' 44" = 8.473396 ; log tan 88° 17' 44" = 11.626412 ; 
log cot 88*^ 17' 44" = 8.473588. 



4. Having given the logarithmic sine 7.246481 to find the angle. 

Solution.— From Table II. we find 6' 5" = 365" as the angle. But this is 
subject to the inaccuracy exhibited in (73). To obtain the correct result from 
Table III., we have («0), 

log X = 7.246481 - 4.685575 + = 2.560906. 
/. X = 863.8 ; or the angle is 6' 8" .8. 

6. Given the logarithmic tangent 7.805487, to find the correspond- 
ing angle. 

Solution.— Table IL gives 21' 58".3=1318".3 as the angle. From Table IIL 
the Diff. corresponding to this is 6 (millionths). Hence, 

log X = logtano/' - 4.685575 ~ Diflf. (82) 
becomes, log x = 7.805487 - 4.685575 - .000006 = 3.119906. 
.-. X = 1318 ; and the angle is 1318" = 21' 58". 

6. Given the logarithmic cotangent 12.197148, to find the corre- 
sponding arc. 

Table IL gives the angle 21' 49".8, but the true angle as given by 
Table IIL is 2V 50". .. ; / 



M 
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SECTION V. 

TRIGONOMETRICAL SOLUTION OF PLANE TRIANGLES. 

83. There are six parts in every plane triangle : three sides and 
three angles; one side and any other two of which being given, the 
remaining parts can be found by means of the relations which exist 
between the sides and tabulated trigonometrical functions. To 
exhibit these highly important practical operations is the object of 
this section. We shall treat first of right angled plane triangles, and 
then of oblique angled plane triangles. 

OP RIGHT ANGLED TRIANGLEa 



JProp. 84. — The relations between the sides and the trigonomet- 
rical functions of the oblique angles of a right angled triangle are as 
follows : 



side opi)osite 



hypotenuse 
side adjacent 



(1) sine 

(2) cosine = -r r 

^ ^ hypotenuse 

/Q\ f f _- ^^^® opposite 

^ ' ^ "" side adjacent 



hypotenuse 

, cosecant = -ri^ r— : 

side opposite 

hypotenuse 

secant = .^ ... -,; 

side adjacent' 

. ^ side adjacent 

cotangent = -r^ — :t-. 

° side opposite 



CTEM. — ^Let CAB, Fig, 12, be a triangle, right 

angled at A. Let aM bo the measuring arc of the 

angle B, PD = sin B,and BD = cos B. From the 

PD 
similar triangles PDB and CAB, we have gp = 

i^; .-. *., sinB = ?j^?-2PP?!i^, since BP = 1. 
BC hypotenuse 

From the same triangles |P = |^ ; t. «., cos B = 
dP dU 

Side adjacent Tangent bemg equal to sine divided 
hypotenuse 

. . ^ D side opposite side adjacent side opposite ^p, ^ 

by cosme, we nave tan B = — i-f- -»- — ^ = -— — 5r :• The 

•^ hypotenuse hypotenuse side adjacent 

other ftinciious being the reciprocals of these three, are as given in the proposi- 
tion. Finally, as a similar construction could be made about the other oblique 
angle, C, this demonstration may be considered general. Q. E. D. 




Fio. 12. 
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ScH. 1. — These formula are so important that it is well to have them fixed 

in the memory, not only as written above, but also as follows : 

hy side-adj 

(1). Side-opp = hy X sin, or , or tan x side-adj, or — ; 

cosec coi ■ 

(2). Side-adj = hy x cos, or -^, or cot x side-opp, or ^'^ ^" ■■ ; 

of which the relations side-opp = hy x sin, and side-a^j = hy x cos are of the 
most frequent use. 

ScH. 2. — The six ratios given in this proposition are frequently made the def- 
initions of the trigonometrical functions. Thus, referring to a right angled tri- 
angle, a sine of an angle may be defined to be the ratio of the side opposite to 
the hypotenuse ; the cosine as the ratio of the side adjacent to tlie hypotenuse, 
etc. 

ScH. 8. — The student will be aided in remembering these important relations 

by observing that the side opposite the angle is analogous to the sine, and the 

its analogue 
side adjacent to the cosine. Now, the sine = r — 2_^ ancl so also the co> 

sine. Tangent equals sine divided by cosine, and in this case it is the part 
analogous to the sine, divided by the part analogous to the cosine. One should 

hv 
not make the blunder of saying that sin = . , ^ , since that would make 

the sine always more than 1 ; but we have seen that it never can exceed 1. 
Similar checks against error may be made in the case of the other relations. 



EXERCISES. 

[Note. — The first five of these exercises are mainly designed to illustrate the 
proposition, and familiarize the mind with the relations.] 

1. In a right angled triangle whoee sides are 3, 4, and 5, what are 
the trigonoraetrical functions of the angles ? What are the functions 
when the sides are 6, 8, and 10 ? 

2. In a right angled triangle the hypotenuse is 12, and the angh 
at the hase sin~^i^. What are the sides ? What is the sine of th^ 
other angle ? 



SuG.— Represent the angles by B, A, and C, A being the right angle; and 

h h 

the sides opposite by &, a, and c. Then sin B = -, or i = tx ; whence, ft = 6i 

Sin C = cos B = i/y/sT c = 6>v/5r 

3. In a right angled triangle whose hypotenuse is 12, and the 
angle at the base tan~^2, what are the other parts ? 

Ans. Cos-^fVs; Yl/57andi^\/6; 
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4. The sides of a right angled triangle are 20 and 32. What are 
the angles and hypotenuse? Obtain the hyi^otenuse by means of 
the secant _ 

Ans. Tan-4,tan-4, and 4V89. 

5. The hypotenuse of a right angled triangle is 120, and one 
side lOP. Show that the angle opposite the latter is tan~*^Viij the 
adjacent angle cosec~*i^\/ll* a^d the remaining side 20 VH* Obtain 
these results in the order given. Use a trigonometrical function to 
pbtain the last 



EXAMPLES. 

(a) BY JfEANS OF THE TABLE OF NATURAL FUNCTIONS. 

1. In a right angled triangle ABC, the hypotenuse BC is 235, and 
the angle B is 43° 25'. Find the angle C, and the sides AB and AC. 

C = 46° 35'; AB = 170.7 ; AC = 161.52. 

Solution.— 7<? find C, we have but to remember that the angles of a right 
angled triangle are complements of each other; whence, C = 90' — B = 46** 35'. 

AB 

To find AB, we have cos B = ^' or AB = 235 x cos 43* 25'. Now, from the table 
of natural fvmctions we find cos43' 25' = .72637; whence AB = 235 x .72637 

-= 170.7. To find AC, we have sm B = || ; whence AC = 235 x .6873 = 161.52. 

2. In a right angled triangle ABC, the hypotenuse AC is 94.6, and 
the angle C is 56° 30'. Find the angle A, and the sides AB and BC, 

A =33° 30'; AB =78.88 ; BC = 52.21. 

3. In a right angled triangle BDF, the hypotenuse BF is 127.9, and 
the angle B is 40° 10' 30". Find the angle F, and the sides BD and 
DF. 

F = 49° 49' 30"; BD = 97.72; DF = 82.51. 

4. In the triangle CDE, right angled at E, given the side DE 75, the 
side CE 50.59, to find the other parts. 

Hypotenuse = 90.47. 

5. In the right angled triangle CDE, given the hypotenuse CD 264, 
the side CE 135.97, to find the other parts. 

DE = 226.28. 

6. Given the hypotenuse 435, and one of the acute angles 44°, to 
find the other parts. 

7. Given the hypotenuse 64, and the hase 51.778, to find the other 
parts. 
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8. Given the hypotenuse 749 feet, and the base 548.255 feet, to 
find the other parts. 

9. Given the hypotenuse 125.7 yards, and one of the acute angles 
75° 12 23", to find the other parts. 

10. Given one side 388.875, and the adjacent angle 27° 38' 50", to 
find the other parts of a right angled triangle. 



{d) BY MEANS OF A TABLE OF LOGARITHMIC FUNCTIONS, 

11. In a right angled triangle, given an oblique angle 54° 27' 39", 
find the side opposite 56.293, to find the other parts. 

BoLunoN.— The other oblique angle is 90* - 54° 27' 39" = 35* 32' 21". 

To find tfiehypotenme^ we have sin 54** 27' 39" = — ^ — , or hy = . g^o'o^/ on/r 

Applying logarithms to facilitate computation, log hy = log 56.293 — log 
sin 54° 27' 39" + 10. The 10 is added smce the log sin 54° 27' 39" found in the 
table is 10 too great Now, looking in Table L, we find log 56.293 = lr.750454 ; 
and in Table H., log sin 54° 27' 39" = 9.910473. Hence, 

log hy = 1.750454 •- 9.910474 + 10 = 1.839980, and hy = 69.18. 

To find ih6 other side we have, tan angle = ^^ , or tan 54° 27' 89" r- 

56 293 56 293 

j^^ ; whence nde a^ = ^^ g^; ^7/ 39// - Applyhig logarithms, logaidea^ 

= log 56.293 - log tan 54° 27' 39" + 10 = 1.750454 - 10.146104 + 10 = 1.60485a 
/. Side 041-40,2116, 

12. In a right angled triangle ABC, the hypotenuse AC is 340, and 
ihe side AB is 200. Find the acute angles A and c, and the perpen- 
dicular BC. 

A = 53^ 58' 6" ; C = 36° 1' 54' ; BC = 274 95. 

13. In a right angled triangle ABC, the perpendicular AB is 736.3 
and BC 500. Find the acute angles A and C, and the hypotenuse AC. 

A = 34° 10' 45" ; = 55° 49' 15" ; AC = 890.02. 

14. In a right angled triangle BDF, the perpendicular BD is 246.32, 
and DF 380.07. Find the acute angles E and F, and the hypote- 
nuse BF. 

B = 57° 3' 11"; F 5= 32° 56' 49" ; BF = 452.91. 

15. In a right angled triangle ABC, the side AB is 249, and the 

angle A is 29° 14'. Find the perpendicular BC, and the hypotenuse 

AC. 

BC = 139.35 ; AC = 28534L 



48 PLANE TRIGONOMETRY, 

16. lu a right angled triangle ABC, the hypotenuse AC is 95.75, and 
the side BC 60. Find the acute angles A and c, and the perpen- 
dicular AB. 

A = 38° 48' 7" ; C = 6V IV 63" ; AB = 74.62. 

17. In a right angled triangle ABC, the side BC is 364.3, and the 

angle A is 50** 45'. Find the perpendicular AB, and the hypotenns« 

AC. 

AB = 297.645 ; AC = 470.433 

[Note. — The first ten examples may be solved by logarithms if additional 
exercises are needed, or these by means of the natural functions. Also any one 
of the examples will afford several others by giving and requiring different 
parts. Thus, from Ex. 17, we can give AB = 297.645, A = 50' 45', and require 
the other parts, etc.]. 



GENERAL APPLICATIONS. 

1. Find the area of a parallelogram whose adjacent sides are 28 
and 30 feet, and the included angle 75°. 

Sua— First find the altitude. 

2. A railroad track 463 feet 3 inches in length has a uniform grade 
of 3°. Show that the vertical rise is 24 feet 3 inches, nearly. 

3. A railroad track makes a vertical rise of 150 feet, by uniform 
grade, in 3,000 feet of track. What is the grade ? 

4. Find the apothem and radius of the circumscribed circle of a 
regular heptagon one of whose sides is 12 feet. 

5. Find the area of a regular dodecagon inscribed in a circle whose 
radius is 1^. 

6. The angle of elevation to the top of a steeple is 47° 30', a& 
measured from a point in the same horizontal plane as its base, and 
at a distance of 200 feet from it. What is the height of the steeple ? 

Ans. 218.2G. ft. 

7. A tower 103 feet high throws a shadow 51.5 feet long, upon the 
horizontal plane of its base : what is the angle of elevation of the 
sun? 

8. The angle at the vertex of a right cone is 52° 23', and the 
slant height 126 feet : what is the diameter of the base, and wliat 
the altitude ? 
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Fifl.18. 



9. In Fig. 13, letting EO rep- 
resent the eq-rth and M the 
moon, the radius of the earth 
EO = 3956.2, and the angle 
EMO * = 57', required to find 
the distance OM, E being a 
right angle. 

TJie distance of the moon from the earth, as give^i hy this compu- 
tationy is 238,613 miles, 

10. In Fig. 13, letting ON represent a tangent to the moon's disc 
at N, the angle NOM is readily measured, being half the moon's 
apparent diameter. The apparent diameter of the moon being 
31' 20", and its distance from the earth as found in the last example, 
what is the diameter ? 

Ans. 2176 miles. 



OF OBLIQUE ANGLED PLANE TRIANGLES. 

IMPORTANT RELATIONS EXISTING BETWEEN THE SIDES AND TUIGO- 
NOMETRICAL FUNCTIONS OF THE ANGLES OF OBLIQUE ANGLKD 
PLANE TRIANGLES. 



^^85. JProp. — Hie sides of any plane 
triangle are proportional to the sines of 
the angles opposite. 

Dem. — ^Let ABC be any plane triangle. Let 
fall from either angle, as C, a perpendicular 
upon the opposite side, or upon that side 
produced. Designate the angles by A, B, and 
C, the sides opposite by o, 6, and c, and the per- 
pendicular by P. 

Now, from the right angled triangle ADC 
we have P = & sin A ; also from CDB, P = 
a sin B ; sin ABC in the second figure being = 
sinCBD. Hence, equating the values of P, 
6 sin A = a sin B, or a : & : : sin A : sin B. 




Fio. 14. 



q. B. D. 



♦ This angle ie called the moon's horizontal parallax, and is readily measured. Some mUe 
notion of the manner in which parallax becomes apparent, may be got from considering the 
difference in direction from two observers to the moon, one observer standing directly under 
the moon, as at Fi &nd the other at Ei neeing the moon in his horizon. The angular displace 
ment of the moon due to these different points of observation is horizontal parallax. 

4 
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86^ Prop.^The sum of any two sides of aplam triangle is to 
their difference, as the tangent of half the sum of the angles opposite 
is to the tangent of half their difference. 

Dbm. — ^Letting a and h represent any two sides of a plane triangle, and A 
and B the angles opposite, we have a : 6 : : sin A : sin B. Taking tliis both by 
composition and division, we have o + J : a — b xi sin A + sin B : sin A — sin B. 
But from {60\ sin A + sin B : sm A — sm B : : tani(A + B) : tan KA — B). 
.*. a + ft : o — J : : tani(A + B) : tan K^ — B). q. k. d. 



87* JProp. — The tangent of half of any angle of a plane triangle 
equals i, divided by half fJie perimeter of the triangle minus the side 
opposite the angle ; in which h is the radius of the inscribed circle, 
and equals the square root of the continued product of half the peri- 
meter minus each side separately, divided by half the perimeter. 



Dem. — ^Let A6C be any plane triangle. 
Represent the angles by A, B, and C, the 
sides opposite by a, ft, and c, the perimeter 
by p, and the segments of the sides made 
by the radii of the inscribed circle, by a;, y, 
and 2, as in the figure. 

Then a + 6 + (? = 3aj + 2y + 2« = p,or 
u + y + g = ^. 

Whence a; = ^ — a, y=ip— ft, and z 
= ^ —c ; since y +« = «, aj + 2 = ft, and x + 




Fro. 15. 



= c 



tc h 

Now from the triangles AOD, DOB, and COE, tan iA=-=t — — -, tan 

tB = * = — ^,and tan iC = - = :r-^— . 

To find h ^A + iB + iC = 90°, or ^A = 90° - QB + ^C) ; whence, tan iA 
= ^=tan[90--(iB+iC)]=cotaB^iC) = ;.^||^^ 

Substituting for tan iB, and taniC, K and -, we have - =-_^;whenc« 

- + - 

y « 

*' = ^+y ~? {x-^y + z)Jc^z=xyz; and k = |/— ^_. In this value of ifc, sub- 
sUtuting for a?, y, and z their values, we have k = 4 A^ ~ ^) i^-^) (h>-e) 
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88. ScH. 1. — ^These three propositions {85^ 86^ 87)^ furnish the most 
elegant and expeditious means for finding the unknown parts of an oblique 
angled plane triai^le, when a sufficient number of parts are given or known (83) 

89. ScH, 2.-— Important BrcLctical Suggestiofis. 

1st Two angles of a triangle being given, the third is known by implication, 
It being the supplement of the sum of the other two. 

2nd. When two of the known, or given, parts are opposite each other, the 
firat proposition (85) effects the solution. 

3rd. When two sides and the included angle are given, the solution is effected 
by means of the second proposition (80). 

4th. When the three sides are given, the angles are found by the third 
proposition (87)- j 

.^' 

EXERCISES. 

1. In the plane triangle CDE, given the angle D = 15° 19' 51", 
C = 72° 44' 05", and the side Cf opposite C, 
250.4, to find the other parts. f 

dj 

Solution.— 17Vr»^, E = 180'- (D + C) = 91' 56' 04" ^ 

(89, Ui). , P 

Second, To find side d opposite angle D (89^ 2nd), 
sin C : sin D : : c : rf, or 
sm 72' 44' 05" : sm 15" 19' 51" : : 250.4 : d. 
This proposiUon may be solved for d, by taking the natural sine of 15* 19' 51", 
multiplying it by 250.4, and dividing the product by the natural sine of 
72'* 44' 05"; or, more expeditiously, by logarithms, as follows : 

log 250.4= 2.398634 

log sin 15° 19' 51" = 9.422249 

logsin72''44'05"(ar. comp.)*= 0.020024 

logd= t 1-840907 .•.d = 69.328. 

l^ird, To find side e opposite angle E (89^ 2nd), 
sin C : sin E : : 6 : «, or 
On 72" 44' 05" : sm 91° 56' 04" : : 250.4 : «. 
Making the coinputation by logarithms, 

log 250.04= 2.398634 

Iogsm9r56'04"t 9.999752 

logsin72°44'05"(ar.comp.)= 0.020024 

log 6= 2.418410. .-.« =262.066. 

* See Introdaction to Table I. (17). 

t The Btndent mast bear in mind the fiict that all the log. trig, fhncs. are 10 too large, and 
mast see exactly what corrections to make in his results, on this aoconnt. In this case tbe 
ar. comp. is 10 too smalls since the logarithm we took from the table for log sin 72** 44' 05'' was 
10 too large. But oar k^ sin 15* 19' 51" is 10 too ktrge^ and jast corrects the latter. Hence, we 
have to reject only 10 from the entire srm 11.840907, and this on account of the use of ar. oomp, 

X Take the sine of the supplement, ox the cotine of the giyen angle minas 90", 
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2. In the plane triangle ABC, A = 35° 42', B = 76° 27', an J AB = 
142. What are the other parts ? 

Ans. c = 67° 51'; AC = 149.05; BC = 89.47. 

3. Given two angles of a plane triangle, 23° 40' 32" and 69° 39' 61", 
and the included side 100, to find the other parts. 

4. In a plane triangle ABC, the side AB is 254.3, the side AC 396.8, 
and the angle B 94° 29'. Find the angles A and C, and the side BC. 

A = 45° 48' 21"; c = 39° 42' 39"; BC = 285.37. 

Suo*s.-— To find the angle C, we liave 

896.8 : 2543 : : sin94*' 29' : sinC. 

From this proportion we get log sin C = 9.805443. Now, as we have seen 
before, there are an infinite number of angles corresponding to any given sine, 
how shall we know what one to take in this case? First, no angle of a triangle 
can exceed 180° ; hence, there are but itoo angles, one an acute angle, and the 
other its supplement, which can come into consideration in the solution of plane 
triangles. But which of these two are we to take ? Thus, in this case, both the 
angles 39'' 42' 39" and 140° 17' 21" correspond to log sin 9.805443. In this ex- 
ample the ambiguity is resolved by observing that the given angle B is obtuse, 
and a plane triangle can have but one obtuse angle. .*. C = 39° 42' 39". 

5. In a plane triangle BDF, the angle B is 40°^ the side BD is 400, 
and the side DF 350. Find the angles D and F, and the side BF. 



Sug's.— To find F, we have 

850 : 400 :: sin 40" : sin F, 
from which log sin F = 9.866059, and F = 47° 16' 28 ", and its supplement 
133° 43' 32". How are we to determine which of these to take ? 'The given 
angle is 40° ; hence, as far as that is concerned, either of the two will meet the 
conditions.. There are, therefore, two angles, F = 47° 16' 28" and F = 132° 43' 32", 
which fulfill the conditions. We therefore solve two triangles, one having two 
of its sides 400 and 350, and the angles 40°, 
47° 16' 28", and 92° 43' 32" ; and anotlier triangle 
with the same given parts and the two required 
angles 132° 43' 32", and 7° 16' 28". This is readily 
illustrated geometrically. Thus, lay off DBF' = 40°. 
Take BD = 400. Then fi:om D as a centre, with 
radius 350 describe an arc cutting BF'. It is evident 
that if B is an acute angle the following cases may aiise depending upon the 
value of DF: 

1st. If DF is less than the perpendicular p, the problem is impossible, 
2nd. If DF =p, the triangle is right angled at F. 

8rd. If Of >p and <BD there are two triangles, one with an acute angle at 
F', as DF'B, andthe other with an obtuse angle at F, as DFB, both of which 
fulfil the conditions of the problem. 

4tai. If DF > DB there is but one triangle which fulfills the conditions, viz., 
the one with an acute angle at F'. 




Fia. 16. 
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The results in the above examples are, for triangle DF'B, angle DF'B = 
47° 16' 28", BDF' = 92' 48'82", and side BF' = 548.89; for triangle DFB, 
angle DFB = 182° 43' 82", angle BDF = 7" 16' 28", and side BF = 68.94. 

yO» Cor. — In applying trigonometrical formulo to the solution of 
triangles, if the part sought is found in terms of its sine, the result 
is ambiguous, and we are to determine whether there really are two 
solutions to the problem in a geometrical sense, by certain geometrical 
considerations, or else by trying both values for the angle determined 
by its sine. This ambiguity arises only when an angle is determined 
by its sins, as will appear liereafter. 

6. Given two sides of a plane triangle 201 and 140, and the angle 
opposite the latter 36° 44'. Find the other parts. 

Results. — There are two triangles. 

Parts of the first, 120** 4l>' 49", 22° 26' 11", and 89.34; 
Parts of the second, 59° 10' 11", 84° 5' 49", and 232.84. 

7. Given two sides of a plane triangle 180, 100, and the angle op- 
posite the former 127° 33', to find the other parts. 

There is but one triangle, and the parts are 26° 7' 59", 26° 19' 1", 
and 100.65. 

8. Given two sides of a plane triangle 30.8 and 54.12, and the 
angle opposite the latter 36° 42' 11", to find the other parts. Why 
but one triangle? 

9. Given two sides of a plane triangle 600 and 250, and the 
angle opposite the latter 42° 12'. Find the other parts. 

SuG. — Attempting to get the angle opposite 600, we find log sin = 10.207400, 
which is impossible. It is in some such way that a trigonometrical solution 
shows a geometrical absurdity. 

10. Given two sides of a plane triangle 1337.5 and 493, and the 
angle opposite the former 69° 46'. Find the other parts. 



11. In a plane triangle, given two sides 1686 and 960, and the in- 
eluded angle 128° 04', to find the other parts. 

c 

Solution.— Let a = 1686, h = 960, and 
C = 128" 04'. (See 89, 3rd.) The sum of 

the angles A and B is 180' - 128' 04' = 

^r 56', and ^{A + B) = 25' 58'. From (86) A c 

we have, Pio. 17. 

a + 6 : rt — 6 : : tani(A + B) : tami(A — B), or 

2646 : 726 : : tan 25" 58' : tan ^A - B). 
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Making the computations by logarithms, we find log tan K^ — B) = 9.125887 
Hence, i(A — B) = 7° 36' 40", the angle found in the table, or its supplement 
But I the difference of two angles of a triangle is less than 90* ; consequently 
KA - B) = 7'' 86' 40". 

Kow having KA + B) = 25' 68', and i<A - B) = 7' 86' 40", we find A = 
SS** 34' 40", and B = 18' 21' 20". 

The side c can be found by {8S) as two opposite parts are now known. 
ff = 2400. 

12. In a plane triangle ABC, the side AB is 304, BC 280.3, and the 
included angle B is 100°. Find the angles A and C, and the side AC. 

A = 38° 3' 3" ; C = 41° 56' 57" ; AC = 447.856. 

13. In a plane triangle ABC, the side AB is 103, AC 126, and the 
included angle A is 56° 30'. Find the angles B and C, and the side BC. 

B = 72° 20' 15"; C = 51° 9' 45"; BC = 110.267. 



14. In a plane triangle ABC, given the three sides, a = 3459, i = 
4209, and c =.6030.4, to find the angles. ' 

Solution. — Applying (57), we have, 



y ip 

log A; = ijlog (ip- a) + log(i2? - J) + log {^^c)- logip}. 

Also, tan iA = ^' , tan iB = _ ^ , and tan iC =7^-^, or log tan i A 

= log * — log (ip — o), log tan iB = log A: — log (ip — b\ and log tan iC - 
log k — log (ip — c). 

COMPUTATION. 
a= 3459 
b= 4209 
c= 6030.4 
p = 13698.4 
^ = 6849.2 (ar. comp.) log = 6.164360 

4P - a = 3390.2 log = 3.530226 

ip- b:= 2640.2 log = 3.421687 

ip - c = 818.8 log = 2.918178 

2) 6.029401 
logA;= 3.014700 
logtaniA = logA?-log(ip-(i)= 9.484474 .-.As 33' 56' 10".5 
log tan iB = log A? - log (^ - 5) = 9.593068 .*. B = 42' 47' 25".3 
log tan iC = log k - log (ip - c) = 10.101522 .'. ^=103M6'24^2 

Proof y A + B + C = 180* 00' 00" 
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15. In a plane triangle ABC, the side AB is 95.6, BC is 275, and AC 
300. Find the angles A, B, and C, . 

A= (55^ 47' 55"; B = 95* 42' 52"; C = 18° 29' 13". 

16. In a plane triangle BDF, the side BD is 500, DF is 403.7> and 
8F 395.75. Find the angles B, D, and F. 

B = 52° 0' 3"; D = 50° 34' 45" ; F = 77° 25' 12". 



OBLIQUE ANGLED TRIANGLES SOLYED BY BIEANS OF RI6UT 
ANGLED TRIANGLES. 

[Note. — Ajticles 91-94 inclusive, may be omitted in an elementary course, 
if thought desirable. Or 91 and its applications may be taken instead of 80" 
88» 85 should be included in any course. It is too elementary and important 
to be omitted.] 

91* JProp* — AH cases of oblique angled plane triangles mag be 
solved by the solution of right angled triangles. 

Dbm.— Of the three given parts we may affirm that they are, 1st, AD 
adjacent ; 2nd, Two adjacent and one separated ; or 8rd, All separated. 

1st When the given parts are aU adjacent ; i. e., when they are two sides and 
the included angle^ or itoo angles and the in- 
eluded side. To solve the first let fall a perpen- 
dicular from the extremity of one of the given 
sides upon the other given side, or upon that 
side produced. There will thus be formed two 
right angled triangles which can be computed, 
and from the parts of which the parts of the 
required triangle can be found. Thus, let A be 
the given angle, and b and e the given sides. 
In the right angled triangle ADC there are given 
A and 6, whence AD, P, and angle ACD, can be 

computed. Then passing to triangle CDB, we 

know P, and DB (since we have e given and ^ ^ 

have computed AD). Hence, we can compute B, ^w- 18. 

n, and DCB. Thus, the parts of ACB become known .... When the given 
parts are two angles and the included side, find the thurd angle by taking the 
supplement of the two g^ven. Let fall a perpendicular from one extremity of 
the given side upon the opposite side. The two right angled triangles thus 
formed can then be computed. Thus, if A, 5, and C are given, having found B, 
let fall CD. The triangle ACD has the angle A and side b known, whence its 
parts can be computed. Having computed P we can pass to the triangle CDB, 
uid knowing P and B, can compute it Thus the parts of ACB be »^me known. 
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2nd. When two of the given parts are a^acent and one sepa/rated; t. e , when 
two angles and a side opposite one are given ; or two sides and an angle oppo- 
site one are given. The first of these cases is virtually the same as the last given. 
To solve the other, let fall a perpendicular from the angle between the given sides, 
and two right angled triangles will be formed which can readily be computed. 
Thus a, 5, and A being given, and CD let fall from C, the triangle ACD can 
first be computed, and then CDB. This is the ambiguous case, but it is easily 
determined. Having computed P, if the given side a is less than P there is no 
solution ; if = to P, or,>e solution (a right angled triangle) ; if a > P and < 6, there 
are two solutions, t. «., it will go in between CD and AC, and also beyond CD ; if 
a>P and also > b there is only one solution, as it will not go in between CD 
and AC. 

3rd. WTien the three given parts are aU separated from each other. This is the 
case in which the three sides are given to find the angles. It is readily solved 
by letting fiill a perpendicular from the angle opposite the greatest side, upon 
that side, as CD upon AB. Then compute the segments AD (which call m), and 
DB (n\ from the followmg relation (Part II, Ex. 12, page 162) : 
m 4- n (or c) : ft + o : : ft — a : «i — n. 

Knowing m and n, the angles of the two right angled triangles ACD and 
CDB can be computed, and these make known the angles of ACB. q. s d 

[NoTB.— A few additional examples are here given which the pupil can use 
to illustrate the theory presented in (9Jt). If more are needed the preceding 
can be used : these may also be used to apply the methods before given. Again, 
a very great variety and number of examples may be made from these by as- 
signing diflfcrent parts as known.] 



EXERCISES. 

1. In a plane triangle BDF, the side BF is 123.75, DP 600, and the 
included angle F 120°, Find the angles B and D, and the side BD. 

B = 49° 12' 4"; D = 10° 47' 66"; BD = 672.006. 

2. In a plane triangle ABC, the angle A is 70° 21', the angle B 

64° 22', and the side BC 126. Find the angle C, and the sides AB 

and AC. . 

C = 55° 17' ; AB = 109.1 ; AC = 107.88. 

3. lu a plane triangle ABC, the side AB is 98, the side BC 96.12, 
and the angle C 33° 21'. Find the angles A and B, and the side AC 

A = 32° 14' 65"; B = 114° 24' 6"; AC = 162.33. 

4. In a plane triangle DAC, given AD = 450, AC = 309, and D = 
27° 50', to find the other parts. 

C = 137° 9' 36", or 42° 60' 24"; A = 15° 0'24", or 109° 19' 36"; 
OC =- 171.36, 01 624.5. 
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COMPUTATION. 

It will give definiteness to the stu- 
dent's thought, if he first sketch the 
figure geometrically. Thus, lay off 
D = 27° 50V and taking AD = 450, 
let fall the perpendicular AP. 

1st To compute p, 
p = c sm D = 450 sm27'50', 

log 450 =2.653213 

log sm 27' 60' = 9.669225 

logp =2.322438. /. p = 210.106. 

Knowing p, we see by inspection that AC can lie in both the positions AC 
<ind AC, and hence that there are two solutions. 

2nd. To compiUe C, from the triangle ACP, in which d and p are now 

oiown. 

p 210.106 
Sm C - ^ - 309 

log 210.106 = 2.822438 
log 309 = 2.489958 
log sm C = 9.832480. .% C'= 42' 50' 24", and C = 137" 9' 33". 

3rd. To find the angle A. DAC = 180' - (D + ACD) = 180' - 164' 59' 36" = 
15' 0' 24". DAC = 180° - (D + ACD) = 180° - 70° 40' 24" = 109° 19' 36". 

4th. To find DC. Compute DP and CP from the triangles APD and APC. 
DP - CP = DC, and DP + CP = DC. 

5. In a plane triangle ABC, the side AB is 460, BC is 340, and AC 
280. Find the angles A, B, and C. 

A = 47** 23' 16"; B = 37** 18' 31"; C = 95** 18' 13". 

6. The sides of a plane triangle are 40, 34, and 25 feet respect- 
lyely ; required the angles. 

38** 25' 20", 57** 41' 24", 83' 53' 16". 

7. Tlie sides of a plane triangle are 390, 350, and 270 feet respect- 
>ely; required the angles. 

42** 22' 06", 60** 52' 33", and 76** 45' 21". 

8. Given two sides of a plane triangle 450 and 640, and the in- 
cluded angle 80°, to find the remaining parts. 

Angles, 56** 11', 43° 49'; and the side, 640.08. 

9. Given two sides of a plane triangle 76 and 109, and the in- 
cluded angle 101° 30', to find the remaining parts. 

Angles. 30° 57' 30", 47° 32' 30"; and the side, 144.8. 
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FUNCTIONS OF THE ANGLES OF A TRIANGLE IN TERMS OF THE 

SIDES. 

92* JProp. — Any side of a plane triangle equals the sum of the 
products of each of the other sides into the cosine of the angle which it 

makes with the first side. 

Dkm.— In the first figure AB = AD + DB. 
But AD = 6 cos A, and DB = o cos B. /. e = 
J cos A + o cos B. In the second figure AB = 
AD - DB. But AD = d cos A, and DB = 
a cos CBD = a (— cos CBA) = — o cos B. .-. c 
= b cos A — (—a cos B) = J cos A + a cos B. 
In like manner, we have a = 6 cos C + c cos- 
B, and 6 = acosC + ocosA. Collecting and 
arranging. 

(1) a = ft cos C + (J cos B ; 

(2) ft = a cos + e cos A ; 
(8) c = a cos B + ft cos A. q. B. d. 




95. Cor. — The square of any side of a plane triangle equals the 
sum of the squares of the other ttoo, minus twice their rectangle into 
the cosine of their included angle. 

Dbm. — Prom (8) {92\ we have by transposing and squaring, 
a' cos* B = c« + ft« cos" A — 2ftc cos A ; and 
fix)m {85) o' sin" B = ft* sin» A. 

Adding, a' = c" + ft" — 2ftc cos A. 

In like manner, ft' = a' + c' — 2«c cos B ; 

and c" = a" + ft* — 2aft cos C. Q. B. d. 

94. ScH. — These formula afford another means for finding the angles of a 
plane triangle when the sides are given. Thus, 



(li) cosA = 
(2*) cos B = 
(3i) cos = 



2ftc ' 

2a<j » 
a« 4. y - c« 
2aft • 



These formulm give directly the natural cosmes of the angles in terms of 
the sides. To adapt them to logarithmic computation, we transform them as 
follows : 



Subtracting each member of (li) from unity, 1 — cos A = 1 — 



y 4. c« - a« 
2ft(j 



g«^ ft>-c«+ 2hc _ a«-(ft - cY _ {a -Kft ~ c)} {a -(ft - c)} _ (g + ft~c)(a4. g-ft) 
2k 2ftc "" ' 2ftc 266 
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But 1 — cosA = 2siii*iA(57, O); and lotting p = a + b + 6,l{a + b — c) 
= ip — c, and i(a + e — 6) = i^ — ft. Whence, substituting, 2sin*i A = 

2^ '^^ 



(Is) siniA = |/ (iy-^)^-0 . In like manner, 
(2.) siniB = i/^E^^ES; and 
(8,)BiniC=|/fc^3 

In a manner altogether similar, by adding each member of (1^ to unity, and 
reducing, we get 

(It) cos iA = j/^-^-ZL^L; and from (2,) and (8.). 
(2.) cosiB = i/^ii££l; 
(3.)cosiC=|/^^. 
Dividmg (It) by (1»), (2t) by (2,), and (3t) by (3t), we have. 



(1.) taniA-y-^^^^^— ^, 
/o\ .>~it»- . /(iP-g)(iy-«r . 

(8,) taniC = i/^HI^E^ 



EXERCISES. 

[NoTE.~In order to render iheBefarmulm fkmiliar, and to give the student 
exercise in applying/(7rm2^2ap, a few examples are appended. If necessary, any 
which precede can be used.] 

1. The sides of a plane triangle being 40^ 34, and 25^ find the 
angles. 

Solution. — By natural funciion$. 

Let the sides be represented by a, 6, and e in order, and the angles opposite 
by A, B, and C ; then 

coe A = '^--^ jm+m-im^ ^^^ . ^ ^ ^. ^^, ^^. 
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There is no ambiguity in this case, since the cosme is +, and hence the angle 
is < 90^ 

The same angle is fomid by logarithmic computation, thus: 



a = 40 . . .log = 1.602060 

ft = 34 . . .log = 1.531479 

c = 25 . . .log = 1.897940 

pz=99 . . .log = 1.095635 

i^=49.5. . .log = 1.694605 

ip - a = 9.5-. . . log = 0.977724 

^ - 6 = 15.5 ... log = 1.190332 

ip - c = 245 . . . log = 1.389166 



log (^ - c) = 1.389166 
log (^- J) = 1.190332 
a. c, log b = 8.468521 
a. c. log 6 = 8.602060 
2)1.650079 
1.825039 



logsm^A =9.825039. 



.% iA = 41' 56' 38" and A = 83° 53' 16". 
Ill like manner the other angles may be found. 

2. The sides of a plane triangle being 6, 5, and 4, find the 
angles. 

The angles are 82° 49' 09'', 55° 46' 16", and 41° 24' 35". 

3. The sides of a plane triangle being 8601.5, 4082, and 7068, find 
the angles. 

T?ie angles are 54° 35' 12", 28° 4' 44", and 97° 20' 4". 

4. The sides of a plane triangle being .5123864, .3538971, and 
.3090507, find the angles. 

TJie angle opposite the last side is 36° 18' 10".2. 



AREA OF PLANE TRIANGLES. 

93. JProp. — The area of a plane triangle is equal to half the 
product of any ttoo sides into the sine of the included angle. 

Dem.— -Let ABC be any plane triangle, and h and 
c any two sides with A as the included angle. From 
the extremity of one of these two sides remote from 
A, let fall a perpendicular p, upon the other side 
Now, 

Area ACB = \pc. 

But, from ACD, ^ = 6 sin A. .'. Area ACB » 
i^csinA. Q. B. D. 




Pie. SI. 



96. Cor. — The area of a plane triangle is eqval to the square root 
of the continued product of half its periruter into half its perimeter 
minus each side separately. 
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Dbm. — ^Prom the proposition, and since sin A = 2sin ^A cos JA» we have, 



Ajea = i&csinA = ^siniAco8iA = 5c|/(^~")J^^~^) x |/^(^Z^ = 



EXERCISES. 

1. Given two sides of a plane triangle 125.81 and 57.65, and the 
included angle 57** 25'. Find the area. 

Area = 3055.7. 

2. Given the sides of a plane triangle 103.5 and 90, and the- 
included angle 100°, to find the area. 

Area = 4586.74. 

3. How many square yards are there in a triangle whose sides ai-o 
30, 40, and 50 feet? 

Area'z6(ji. 

4. Find the area of a triangle whose sides are 20, 30, and 40. 

Area = 290.4737. 
6. What is the area of a triangle whose sides are 30 and 40, and 
their included angle 28° 57' ? 

Area = 290.427. 

6. What is the number of square yards in a triangle, of which the 
sides are 25 feet and 21.25 feet, and their included angle 45° ? 

Area = 20.8694. 

7. Find the area of a triangle in which two of the angles are 80° 
and 60° respectively, and the included side 32 feet. 

Area = 679.33 square feet. 

8. Find the area of a triangular field having one of its sides 45 
poles in length, and the two adjacent angles, respectively, 70° and 
69° 40'. 

Area = 1378.411 square poles. 

9. Find the area of a triangular piece of ground having two 
angles respectively 73° 10' and 90° 50', and the side opposite the 
latter 75.3 poles. 

Area = 748.03 square poles. 



PRACTICAL APPLICATIOXS. 

[Note. — The following problems are inserted, not as any part of a treatise 
upon the subject of trigonometry as pure science, but as affording the student 
rood mental exercise, and valuable and mteresting information.] 
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1. To find the length (in miles) of a degree of longitude at Ann 

Arbor, Mich. 

Solution.— Let NESQ be a meridian section of 
the earth, EQ the equatorial diameter, and EL the lati- 
tude of Ann Arbor, 43' 16' 48".3. A degree of longi 
tude at L is ^^^r of the circumference of tlie circle 
whose radius is LD. CL the radius of the earth at 
this point = 3957 * Now in the right angled triangle 
LCD, we have CLD = ECL = 43* 16' 48".3, and CL = 
3957; whence, LD = CL x cos 42^6' 48".3, and LD 
= 2927.6. .•. A degree = 51.1 miles. As a degree in 
longitude makes 4 minutes difference in time, 51.1 

miles east or west on this parallel is equivalent to 4 minutes difference in time. 

QuRRT.— How does it appear jfrom the above solution that the length of a 
degree of longitude varies as the cosine of the latitude ? 

2. To find the distance of a planet from the earth at any par- 
ticular time. 

Solution — To render the problem as simple as possible, we will suppose two 

observatories on the same meridian, at N, and 
N'; and that when the planet P is on the same 
meridian, the angles ZNP, and Z'N'P (the 
zenith distances) are measin^d. With these 
data and the radius of the earth, CN, CN', 
known, the problem comes quite within the 
scope of the present study. The process is 
as follows: The arc NN' being known, the 
angle NCN' is known. Then in the triangle 
NCN', two sides and the included angle are 
known, whence the other parts can be found. 
Now, knowing the angles PNC, PN'C, and 
CNN', CN'N, we c^n find the angles PNN', 
PN'N. This affords sufficient parts of the triangle PNN' to determine the triangle, 
and we find PN, or PN'. Finally, in the triangle PNC, we know PN, NC, and 
the included angle ; whence the other parts can be computed. But PC is the 
distance sought 




Fio. 28. 



3. Snppose in case of the moon, the angles PNZ, and PN'Z', being 
measured, are found to be respectively 44° 64' 21", and 48° 42' 57", 
the distance between the points of observation N and N' is 92° 14', 
and the radius of the earth is 8956.2 miles ; find the distance to the 
moon. 

Distance = 237,954.098 miles. 



* The equatorial radine of the earth is 3962.8 miles ; but in consequence of the flattening in 
the direction of the polar diameter it ii less here. 
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4. Eequired the height of a 
hill D above a horizontal plane 
AB, the distance between A and 
B being eqnal to 975 yards, and 
the angles of elevation at a and 
B being respectively 15° 36' and J^ 
27° 29'. 




"B 6 

DC = 687.61 yards 



6. Find the area of a regular hexagon, and also of a regular 
octagon, whose sides are each 10 feet. 

Areas, 259.8, and 482.84 square feet 

6. Find the area of a regular pentagon, and also of a regular dec- 
agon, whose sides are each 12 feet 

Areas, 247.74, and 1107.96 square feet 

7 Wishing to know the length of a certain pond of water, 1 
measured a line 100 yards in length, and at each of its extremities 
observed the angles subtended by the other extremity and a couple 
of trees at the extremities of the pond. These angles were, at one 
end of the line, 32° and 98°, and at the other, 37° and 118°; what 
was the length of the pond ? 



Draw the horizontal line AB equal to 100; 
make the angle BAD 82% BAC 98% ABC 37', 
and ABD 118°. The intersections of the lines 
AC and BC, AD and BD, determine the extremi- 
ties of the pond ; the straight line CD is the 
length of the pond. 

CD = 161.868 yards. 




8. The distances AB, AC, and BC, between 
the points A, B, and C, are known ; viz., AB = 
800 yds., AC = 600 yds., and BC = 400 yds. 
Prom a fourth point P, the angles APC and BPC 
are measured; viz., APC = 33° 45', 
and BPC = 22° 30'. 

Requinid the distances AP, BP, and CP. 

AP = 710.193 yds. 

Distances, \ bp = 934.291 yds. 

CP = 1042.523 yds. 
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SuG*s.— Conceive the circumference passed through A, B, and P, and AD and 
DB drawn. In the triangle ADB, angle DAB = the given angle DPB, and DBA 
= APD. Hence, all the parts of triangle ADB can be found. Again, since the 
sides of the triangle ACS are given, its angles c^n be found. Then, since angle 
CAB — DAB = CAD, there are two sides and the included angle known in 
triangle ACD ; whence angle ACD can be found. Thus we reach the triangle 
ACP , in which there are now known AC and the angles. 

9. From the top of a mountain, three miles high, the angle of 
depression of a line tangent to the earth^s surface is taken, and 
found to be 2^ 13' 27". What is the diameter of the ^arth, considered 
as a sphere ? 

Arts. 7946.28 miles. 

10. Taking the sun^s mean apparent diameter as 32' 3".4, and his 
distance from the earth 91,430,000 miles, show that, if his centre 
were coincident with the earth's, his body would extend in all direc- 
tions nearly 200,000 miles beyond the moon. (See Ex. 3.) 

Sun's diameter = 852^574 miles. 

11. Assuming the height of the Great Pyramid to be 486 feet, how 
far off may it be seen across the desert ? 

Ans., 27 miles. 

12. What was the perpendicular height of a balloon, when its 
angles of elevation were 35° and 64°, as taken by two observers on 
the same level, at the same time, both on the same side of it, and 
in the same vertical plane ; the distance between the two observers 
being 880 yards ? 

Ans., 935.757 yards. 

13. Given two sides of a parallelogram 60 and 80, and a diagonal 
100. Is this the longer or shorter diagonal ? What is the other ? 
What are the angles of the parallelogram ? 

14. A balloon, being directly over on^ of two towns standing on 
Uie same horizontal plane, at a distance of eight miles from each 
ether, the angle of depression to the more remote town was observed 
by the aeronaut to be 10°. What was the height of the balloon ? 

Ans.y 1.41 miles. 

15. The most recent observations make the sun's horizontal par- 
allax 8''.94, and the earth's equatorial radius 3962.8 miles. Show 
that the distance of the sun from the earth is nearly as given in Ex. 
10, instead of 95 millions of miles, as it has •been heretofore con- 
sidered. 



CHAPTER IL 

SrHEBICAJL TBIGONOMETBT. 

INTRODUCTION, 

PROJECTION OF SPHERICAL TRIANGLES. 

97. To Project a Spherical Triangle on a plane surface 
is to draw the triangle on that surface so that it will present the 
same appearance to the eye, situated at a particular point, as when 
drawn on the surfisice of a sphere. 

98. The Simplest Method of projecting a spherical triangle 
is to project it on the plane of one of its sides, the eye being supposed 
situated in the axis of the sphere perpendicular to this plane, and at 
an infinite distance from it. The plane is called the Plane of Pro- 
jection ; and its intersection with the sphere is called the Primitive 
Circle, and is the base of the hemisphere on which the triangle is 
conceived as situated. 



99* Fundamental Propositions. — 1st. Whenthe parts of 
a spherical triangle are each conceived as less than 180°, any such 
triangle can he represented on a hemisphere. 

2d. The primitive Circle has its axis, and consequently its pole, 
projected at its centre. 

3d. The semi-circumference of any circle of the sphere, perpendic- 
ular to the Pritnitive Circle, is projected in the chord representing 
the intersection of the circles j and, if the perpendicular circle be a 
great circle, its semi-circumference is projected in a diameter of the 
Primitive Circle. 

5 
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lLL's.--These propositions are direct consequences of the fundamental con- 
ception. Thus, let ABA'B' represent the base of the hemisphere on which the 

triangle is conceived as situated. This is the 
Primitive Circle, and the eye is supposed situated 
at an infinite distance, and hi a line perpendicular 
to the plane of the paper at P. The pole of the 
Primitive Circle being in this line is projected 
(seen as) at P. As all great circles perpendicular 
to the Primitive Circle pass through its pole and 
hiclude its axis, the eye is in all such planes, and 
any lines of these planes, as the semi-circumfer- 
ences of the great circles in which they intersect 
the sphere, arc projected (appear to the eye) as 
diameters of the Primitive Circle. Moreover, 
since the eye is at infinity y it is to be conceived as in 
the plane of any small circle which is perpendicular to the primitive, and which 
is therefore projected in a chord, as CC 




PROJECTION OF BIGHT ANGLED SPHERICAL TRIANGLES. 



100* Frob» !• — To project a right angled spherical triangle on 

the plane of one of its sides, when the two sides about the right angle 

are given.* 

Solution. — Let the angles of the triangle be represented by A, B, and 0, A 

being the right angle. Let the sides opposite these angles respectively be rep- 
resented by a, ft, and c; whence b and e are the 
given sides. Draw the primitive circle and the 
diameters BB\ NN' at right an^es to each other. 
Prom B lay off BA = c.\ Let the right angle be 
at A; whence the side b is perpendicular to the 
primitive circle, and projected in the diameter AA'. 
To project the vertex 0, conceive the semi-circum- 
ference, of which AA' is the projection, to revolve 
on AA' until it fells upon the semi-circumference 
A'BA, then will the point C fall at d. Hence make 
Ad = 5. In like manner revolving the semi-cir- 
cumference, of which AA' is the projection, until 
it falls upon A'B'A, the point will fall at <f . 
Hence make AeT = 5. The point will de- 
scribe the semi-circumference of a small circle 

perpendicular to the primitive circle, and whose projection is dd'. Now, as the 




Fis. 25. 



♦ In this treatise the discnssionfl embrace only such triangles as have each part less than 

t For the purposes for which we shall use these projections, an arc can be laid off with 
Buflflcient accuracy by observing its relation to 90°, 60°, 80°, or some aliquot part of the circum- 
ference, which is readily obtained on geometrical principles. 
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projection of the vertex of the triangle C is at the same time in AA' and <W, it 
must be at their intersection. Finally, the hypotenuse a is projected in a curve 
passing through B, C, and B', since two great circles intersect at the extremities 
of a diameter. This curve is really an ellipse, but for our present purpose it 
may be considered as the arc of a circle passing through B, C, and B'. There- 
fore, BAC is the projection required. 

QiTERiBs. — Will a solution of this problem be possible for all values of b and 
c ? How does it appear from the projection ? 



EXAMPLES. 

1. Having given 5 = 110^, and c = 60^, to 
project the triangle. See Fig. 26. 

2. Having given b = 50'', and c = 130°, to 
project the triangle. 

3. Having given h = 90°, and c = 30°, to 
project the triangle. 

4. Having given h = 90°, and c = 90°, to 
project the triangle. 




Pig. 26. 



lOlm Frob, 2» — To project a right angled spherical triangle 
lohen the hypotenuse and one side are given. 



Solution. — Using the common notation, let c represent the known side. 
Drawing the primitive circle and the conjugate* diameters BB', NN', lay off 
BA = c, and draw the diameter AA'. The projec- 
tion of b will lie in AA', and the projection of the 
vertex C will fell somewhere in this line. Now 
the arc a lies in a semi-circumference passing 
through B and B'. Conceive this semi-circumfer- 
ence to revolve on BB', as an axis, till it coincides, 
first, with BNB', and then with BN'Bl The point 
C will trace the semi-circumference of a small 
circle perpendicular to the primitive circle, and 
whose projection is dd!. Hence, making Bd = B/ 
= a, and drawing dd\ the projection of the vertex 
C lies at the same time in AA' and dd\ and is there- 
fore at their intersection. Passing an arc of a 
circle (strictly an ellipse) through BCB', we have 
ABC, the projection desired. 




* Two diameters of a circle which are at right angles to each other are called Conjugatt 
JHameiert, 



68 



SPHERICAL TRIGONOMETRY. 



Queries.— Will a solution of this problem be possible for all values of a and 
c ? If a had been greater than e in the above case, would the solution have 
been possible ? Will dd' and AA' always intersect, whatever may be the relative 
values of a and e ? 

EXAMPLES. 
1. Having given c = 75°, and a = 64°, to project the triangle. 

2. Having given c = 45°, and « = 136°, to 
project the triangle. 

3. Having given b = 110°, and a = 85°, to 
project the triangle. See Fig. 28. 

4. Having given } = 110°, and a = 120°, 
to project the triangle. 

5. Having given c = 90°, and a = 75*^, or 
a = 120°, to project the triangle. 




Why? 



Query. — ^If one side of a right angled spherical 
Pig. 28. triangle is 90**, what must the hypotenuse be ? 



102* Proh. 3. — To project a right aiigUd spherical triangle 
when an oblique angle and the hypotenuse, or the oblique angle and 
the adjacent side are given. 

Solution. — Draw the primitive circle and the conjugate diameters BB', NN' 
as usual. To construct the given angle B, we observe that this angle is 

measured by an arc 6f the great circle which is 
projected in N N'. Hence, lay off Nd = N<f = B , 
and draw d^ ; then is NO the projection of the 
arc which measures B, and the projection of 
a lies in the arc passing through BOB'.* Having 
the angle B projected, if the hyi)otenuse a is the 
other given part, find the projection of by 
taking B^ = Be' = a, and drawing ee'. Com- 
plete the projection by drawing AC through P. 
When the adjacent side c is given, take BA = c, 
and draw AC as before. [The student will be 
able to give the reasons.] 




Pis. 29. 



103. ScH.— As OP is the cosine of the angle 
ABC, the point may be found by measuring 

* As has been remarked, this arc is really a semi-ellipse. This fact, together with the 
method of com»tracting the semi-ellipse, and thus getting the correct projection of the hypot 
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from P (towards N if B < 90% and towards N' if B > 90**) a distance equal to 
the natural cosine of B. 



Query. — Is the solution of this problem possible for all values of the hypot- 
enuse or adjacent side, and the angle? 

EXAMPLES. 

1. Having given B = 65°, and the hypotenuse a = 120"*, to proiect 
the triangle. See Fig, 30. 

2. Having given C = 45®, and the adjacent 
side I = 50°, to project the triangle. 

Sug'b.— -Project the angle C as the angle B of 
the preceding, and lay off & = 60* from its vertex 
on the circumference of the primitive circle. 

3. Having given C = 170°, and hypote- 
nuse a = 160°, to project the triangle. 

Fig. 80. 

4. Having given B = 150°, and c = 40°, to project the triangle. 




104. Prob. 4. — To project a right angled spherical triangle 
when an oblique angle and side opposite are given. 



Solution. — ^Project the given angle at B, Figs, 31, 32, as in the last problem. 
Then, from any point in the circumference of the 
primitive circle, as N, take NO', in the diameter 
passing through that point, equal to the projection 
of the given side. (This is done by taking Hd = 
Hd' = ft, as in Proh. 1, and drawing dd'). Now, 
with P as a centre, and radius PO', describe a cir- 
cumference cutting BOB'. One extremity of the 
given side h will be projected in this circumference, 
since this circumference contains the projections of 
all the points in the surface of the hemisphere 
which are at a distance h from the circumference 
BNB'N'. But the vertex C is also projected in the 




cnnse, belong to a treatise on Conic Sections. In this case, BB' <^Qd 20P <^i^ the axes of the 
ellipse, and the cnrv^ can be constrncted by takin^r BP as a radias, and striking arcs from' 
as a centre, cntting BB'* These intersections are the foci of the reqnired ellipse. Then take 
a string eqnal in length to B B'l ^^^t fastening its ends to the foci, place a pencil against the 
string, and keeping the string tight, carry the pencil around the corve. 
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Fig. 82. 



arc BOB' ; hence, it must be at the intersections 
C, C. Drawing the projections of the perpendic- 
ulars CA, and C'A', the projection is complete. 

Queries. — When will there be two triangles 
fulfilling the given conditions? When but one? 
When none ? When there is but one triangle what 
kind of a triangle is it? If B > 90% must b be 
greater or less than B in order to have two solu- 
tions? If B < 90% how is it? If B > 90^can b be 
less? If B <90%can6>90*'? 



EXAMPLES. 

1. Given C = 120°, c = 160, to project the triangle. See Fig. 33. 

2. Given c = 80°, c = 60°, to project the triangle. See Fig. 34. 





Fie. 88. 



Pig. 84. 



3. Given B = 70°, b = 70°, to project the triangle. See Fig. 35. 

4. Given B = 64°, b = 75°, to project the triangle. See Fig. 36. 





Pig. 36. Fig. 86. 

5. Given b = 160°, b = 110°, to project the triangle. 
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105. ScH. — When the given parts are the two oblique angles, the projection 
is most readily effected by first computing one of the sides. The projection in 
this case will be considered in connection with the numerical solution of the . 
case, in the next section. 



PROJECTION OP OBLIQUE ANGLED SPHEMCAL TRIANGLES, 

106. Frdb. 1. — To project a spherical triangle when two sides 
and the included angle are given. 



Solution. — ^Let a, <5, and B denote the given parts. 
B at some point in the circumference of the primi- 
tive circle, as B. Lay off one of the given sides, as 
c, from B on BNB'. Let BA = <;. Determine the 
extremity C of the projection of .the other given side 
fl, as in Prob, 2, etc., and drawing the diameter 
AA', pass the arc through ACA' ; BCA is the pro- 
jection sought 

QuBKY.— Is this projection always possible, what- 
ever the relative magnitude of the given parts ? 



Project the given angle 




Fig. 37. 



1. Given A = 130% c - 



EXAMPLES. 

85°, and b = 100°, to project the triangle. 



2. Given c = 40°, a = 37°, and b = 80°, to proiect the triangle. 



107* Pr€b, 2. — To project a spherical triangle when two sides 
and an angle opposite one of them are given. 

Solution.— Let the given parts be a, ft, and B. Make the projection upon 
the plane of the unknown nde c. Thus, drawing the primitive circle and the 
conjugate diameters BB', NN', conceive c as projected from B on the arc BNB', 
and project the given angle B as in preceding 
problems. On the^rc BB', take BC = the pro- 
jection of the given acfjacent side a. To deter- 
mine the projection of the opposite side ft, describe 
a circle about P, as a centre, with a radius PC. 
Through C draw PD, and taking Dd = DcP = b 
draw dd\ Through the intersections o, o' of dcP 
with the circumference of the small circle, draw 
the radii PA, PA'. Finally, passing arcs through 
the points A, C, A", and A', C, A'", BAC, and 
BA'C are the projections of taiangles which Mfill 
the given conditions. The projections of B an^ 
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a were made upon principles previously established ; and it only remains to 
show that AC, and A'C are projections of b. Since by construction DL is the 
projection of an arc equal to J, the projections of arcs of great circles connect- 
ing D with and g' are projections of arc^ equal to b. But the figure DoP 
= ACP, and Do'P = A'CP ; therefore AC = A'C = D<? = the projection of b. 



108. ScH.— It is evident that this problem has one solution, two solutions, or 
no solution, according to the value of 5 as compared with a and B. Thus, if the 
projection of b = DC, o and o' coincide, there is but one solution, and the tri- 
angle is right angled at A (which in this case falls at D). Also, if the projection 
of b is intermediate in value between DC and only one of the arcs BC, B'C, there 
is only one solution. If, however, as in the figure given, the projection of 6 is 
intermediate in value between DC and both BC and B'C, there are two solutions. 
Finally, if b is given of such value that the chord dd' does not touch the small 
circle, there is no solution. The latter case occurs when B < 90°, if the projec- 
tion of i < DC ; and when B > 90°, if the projection of 6 > DC, as will appear 
firom Figs. 38, 39. 

We may observe, also, that there are two solutions when o axido' both fall on 
the same side of BB' as c ; one solution when o and o' coincide, and when they 
fall on opposite sides of BB' ; and no solution when o and o' are imaginary, t. c, 
when dd' does not touch the small circle, or when both fall on the opposite side 
of BB' from c. 




Fig. 89. 



EXAMPLES. 

1. Given B = 110°, a = 120% and & = 83% 
to project the triangle. See Fig, 39. 

2. Given B = 110% a = 120% and ^ = 130% 
^ to project the triangle. 

3. Given C = 64°, a = 120% and c = 75°, 
to project the triangle. 

4. Given C = 80°, b = 60°, and c = 40°, 
^ to project the triangle. 

6. Given c = 112% b = 75% and c = 150% 
to project the triangle. 



109. Frob. 3.' 

sides are given. 



'To project a spherical triangle when the three 
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Solution. — ^Drawing the primitive circle and the conjugate diameters, as 
nsual, take BA = c, the side on the plane of which it is proposed to project the 
triangle. Take Be = Be' = a and draw eef ; then 
as before shown, the projection of the vertex C 
Ires in ee^. In like manner taking M = Ad' — 5, 
and drawing dd' the projecdon of C lies in dd'. 
The intersection of the chords ee' and dd' is there- 
fore the projection of the vertex C. Finally, 
passing arcs through ACA' and BCB', the projec- 
tion is complete. 

QxjERiES.— How does the projection show the 
impossibility when the sum of the three sides is 
greater than 360° ? How when the sum of two 
sides is less than the thhrd side ? Fia. 40. 




EXAMPLES. 

1. Given a = 100°, b = 80°, and c = 68°, 
to project the triangle. 

2. Given a = 108°, b = 120°, and c = 25°, 
to project the triangle. See Fig. 41. 

3. Given a = 120°, b = 65°, and c = 40°, 
to project the triangle. 

4. Given a = 150°, b = 140°, aad c = 
170°, to project the triangle. 




Fio, 41. 



SECTION /. 

SOLUTION OF BI6HT ANOLED SPHERICAL TRIANOLES. 

110. Spherical Trigonometry treats of the relations be- 
tween the trigonometrical functions of the sides and angles of 
spherical triangles, and of the solution of such triangles by means of 
these relations. 

111. ScH. — In the present treatise we shall confine our attention to triangles 
none of whose sides or angles exceed 180°. 

JflJ?. The Six Farts of a spherical triangle are the three 
sides and the three angles : any three of these being given, the others 
may be found. 
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113» ScH. — ^The last statement inyolves the assertion that the three angles 
of a spherical triangle deteimine the sides, whereas we are accustomed to say 
in Plane Trigonometry, that, at least one given part of a plane triangle must be 
a side, in order that the triangle may be determined. There is really no such 
difference as these two statements imply. For example, if we have the angles 
of a plane triangle given, we know the ratios of the sides to each other, since 
the sides are to each other as the sines of the angles opposite ; but we cannot 
determine the absolute values of the sides. This is in accordance with the state* 
ment that mutually equiangular plane triangles are rnnCar figures (not neces* 
sarily equal). Now these are exactly the facts in the case of spherical triangles, 
if toe do not Umit them to the same or equal spheres. Thus, the angles of a spheri- 
cal triangle being given as 48" 30', 125" 20', and 62" 54', we solve the triangle by 
the rules of spherical trigonometry and find that the sides are 56"* 39' 30", 
114* 29' 58", and 83" 12' 6". But, so long as the radius of the sphere is unknown, 
these results are merely the relative values of the sides, not their absolute lengths. 
Moreover, consider two concentric spheres whose radii are m and n. Now, any 
triangle being constructed on the one, if planes are passed through its sides 
intersecting at the common centre, their intersection with the surface of the 
other sphere will form a triangle mutually equiangular with the first, and any 
one side of the one triangle is to the corresponding side of the other, as the radii 
of the spheres ; hence the homologous sides are proportional. We see, therefore, 
that to determine absolutely a spherical triangle, it is necessary to know one of 
the sides in linear extent as well as angular measure, or, what is equivalent, 
the radius of the sphere must be known. 

114, The Species of a part of a spherical triangle is deter- 
mined by its relation to 90°. Two parts, both greater or both less 
than 90°, are of the same species; two parts, one of which is greater 
and the other less than 90°, are of different species. Thus, two parts 
which are 58°, and 63°, respectively, are of the same species ; two 
which are 160°, and 115°, are of the same species ; two which are 
120°, and 48°, are of different species. 

1 15. Napier^ 8 Five Circular Farts are the two sides of a 
right angled spherical triangle about the right angle, and the comple- 
ments of the hypotenuse and of the oblique angles. These terms are 
merely conventional, and are applied exclusively to right angled 
iaiangles, 

III.— In a spherical triangle ABC, right angled at A, the 
sides h and <j, the complement of hypotenuse a, and the com- 
plements of the angles B and C, are the circular parts. We 
may designate them 6, c, comp a, comp B, and comp C. 

[It is essential that this nomenclature and the statements 
of the two following paragraphs be clearly understood, and 
firmly fixed in the mind, in order that the phraseology of 
the fundamental rules may be intelligible.] 
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116» When five things occur in succession, as it were in a circle, 
like the cu'cular parts b, c, comp B, comp a, and comp C, in the 
pseceding figure (no account being made of A), it will be observed, 
that, taking any three at pleasure, one of the three may always be 
selected which lies adjacent to each of the others, or separated from 
each of them. Of the three parts thus considered, the Middle Fart 
is the one which has the other two adjacent to or separated from it; 
while the latter are called the JEkctrefnes, adjacent or opposite, as 
the case may be. 

Ill's. — Let the three parts under consideration be comp a, 5, and e; comp a 
is tJie middle part, and b and o are the opposite extremes. If 5, c, and comp C 
are under consideration, 6 is the middle part, and c and comp C are the adjacent 
extremes. 

117m ScH. — ^In solviiig a right angled spherical triangle, there are always 
three parts under consideration at once, viz., the two given parts and the part 
sought, no mention being made of the right angle. Now, the first question to be 
settled in order to a solution is. Which of the three parte under co^nsideration is the 
middle part, and are the extremes opposite or adjacent f Beginners are very liable 
to make mistakes by failing to use the complements of the proper parts ; or by 
not correctly distinguishing the middle part, and the character of the extremes, 
as opposite or adjacent. The student should practise upon such srniple exer- 
cises as the following until the questions can be answered instantly, and viith- 
out mistake. 



EXERCISES. 



1. In Fig. 42, given a and c, to find C. What are the circular parts 
under consideration ? Which is the middle part ? Are the extremes 
adjacent or opposite ? 

Answers. — The circular parts are comp a, c, and comp C. c is the 
middle part, and the extremes are opposite. 

2. Having C, and a given, to find h What are the circular parts ? 
Which is the middle part ? Are the extremes adjacent or opposite ? 

3. Having Cy and h given, to find B. What are the circular parts? 
Which is the middle part ? Are the extremes adjacent or opposite ? 

4. Having a, and h given, to find C. What are the circular parts? 
Which is the middle part ? Are the extremes adjacent or opposite? 

5. Having B and C given, to find 5. What are the circular parts? 
Which is the middle part? Are the extremes adjacent or opposite? 
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6. What are the opposite extremes when h is the middle part? 
What the adjacent extremes ? Which are the opposite and which the 
adjacent extremes when c is the middle part ? When comp B is the 
middle part? When comp C is the middle part? When comp a is 
the middle part? 

7. What part is middle part to comp C and c as adjacent ex- 
tremes? As opposite extremes? 

Ans., i, and none. 

8. In Fig. 43, M being the right angle, 
what are the circular parts ? Given and m, 
to find 0. What are the circular parts under 
consideration ? Are the extremes adjacent or 
opposite ? 




Fio.43. 



9. What are the opposite extremes to comp 
? What the adjacent ? To comp m? To of 
Ton? 



NAPIER'S RULES. 

118» S>vle I. Prop. — In any right angled spherical triangle^ 
the sine of the middle part equals the pro- 
duct of the cosines of the opposite ex- 
tr&ines. 

Dem. — ^In the spherical triangle BAC, right 
angled at A, taking 5, c, comp B, comp C, and 
comp a in succession as middle parts, we are to 
prove that 




sin J = cos (comp a) x cos (comp B), or sin 5 = sin a sin B ; (1) 

sin c = cos (comp a) x cos (comp C), or sin c = sin a sin C ; (2) 

sin (comp B) = cos 6 x cos (comp C), or cos B = cos d sin C ; (8) 

sin (comp C) = cos c x cos (comp B), or cos C = cos c sin B (4) 

sin (comp a) = cos b x cos c, or ■ cos a = cos b cos c (5) 



To demonstrate these relations, let O be the centre of the sphere, and draw 
the radii OA, OB, and OC. The angles BOC, AOC, and AOB, are measured 
respectively by a, ft, and c, the sides of the triangle ; hence these angles at the 
centre and their measuring arcs may be used interchangeably. From one of 
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the oblique angles, as C, let fall a perpendicular upon the radius OA. Prom 
the foot of this perpendicular draw DE perpendicular to OB, and join C and E. 
Now CDE is a right angle (Part II., 426), CE is perpendicular to OB (Part II., 
399), and DEC is equal to angle B of the triangle (Part II., 558). 

CD = sin b, OD = cos d, CE = sin a, and OE = cos a. 
From the triangle CDE, right angled at D, we have 

CD = CE X sin CED, or sin b = sma sin B. (1) 

Generalized, (1) becomes. The sine of either side about the right angle = Uu 
sine of the hypotenuse into the sine of the angle opposite the side. Hence, from 
analogy to (1), we may write 

sin c = sin a sin C. (2) 

Or (2) may be proved in the same manner as (1), 
by letting fall from B a perpendicular upon OA, 
from its foot drawing DE perpendicular to OC, 
and joinmg E and B. Then BD = sm c, OD = 
cos c, BE = sin a, OE = cos a, and angle BED = 
angle C. From the triangle BDE, we have 

BD = BE X sin BED, or sin 6 = sm a sin C. (2) 

To prove (3), we have from the triangle CDE, 
Fig. 44, 

r^ers ED - ED 

COS CED = — , or cos B = -: — . 
CE sma 

But from triangle OED, right angled at E, ED = OD x sin DOE = cos bsine^ 
[from (2)J, cos 6 sin a sin C. Substituting this value of ED, we have 

« cos 6 sin a sin C r . ^ /ox 

• cos B = ; = cos 6 sm C. (3) 

sma 

We may write (4) from (3) by analogy, as (2) was from (1) ; or, better, let the 
student produce it from Fig. 45, as (3) was produced from Fig. 44. 

Finally, to produce (5), consider the triangle ODE, in either figure, right 
angled at E. This gives ^ 

OE = OD X cos DOE, or cos a = cos 6 cos e. (5) 




119. Mule 2. Prop. — In any right angled spher- 
ical triangle^ the sine of the middle part eqtcals the pro- 
duct of the tangents of the adjacent extremes. 

Dbm. — In the spherical triangle BAC, right angled at Ai taking 
b, c, comp B, comp C, and comp a, in succession as middle parts, 
we are to prove that, 




Fig. 46. 
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smb = tan c x tan (comp C), or sin 5 = tan c cot C ; (1) 

sin c = tan 5 x tan (comp B), or sin c = tan d cot B ; (2) 

sin (comp B) = tan c x tan (comp a), or cos B = cot a tan e ; (3) 

sin (comp C) = tan b x tan (comp a), or cos C = cot a tan b ; (4) 

sin (comp a) = tan (comp B) x tan (comp C), or cos a = cot B cot C- (5) 



Taking the formulcB of Rule 1st, and in the second member of each substitor 
ting the value of each factor as found in some other of the set, we readily 
write the following 



sin 6 =. sin a sin B = 
sin 6 = sin a sin C = 
cos B = cos 5 sin C = 
cos C = cos <j sin B = 
cos a = cos 6 cos c = 



sin c cos C 
sin C cos c 
sin b cos B 
sin B cos b 
cos a sin c 
cos csina' 
CCS g sin 6 _ 
cos bsina' 
cos B cos C 
sinCsinB' 



sin c cos C ^ ^ ^ 

: X -; — j:: = tan c cot C ; 

cose sm C 

Bin & cos B , , , o 

: r X -: — = = tan 5 cot B ; 

cos 6 sm B 

cos a Bine ^ , 

X — = cot a tan c ; 



sma 
cos a 



cose 
sin 6 



X r r= cot a tan ft ; 

sma cosb 



cosB cosC 
&in B sinC 



; cot B cot C. 



(1) 
(2) 
(3) 
(4) 
(5) 

Q. E. D. 



120, ScH. 1.— It will be a good exerciae for the student to demonstrate 

Rule 2d from the an- 
C £. nexedfigures,asRuLElst 

Cy1\ was from Mgs. 44 and 45. 
\3 y^xlA The 5th is not as readily- 

obtained from the figure 
as the others. The stu- 
dent may trace the fol- 
lowing relations, some in 
one figure, and some in 
Pig. 47. Fig. 48. the other. 





^ OD cos J . _. ^ ^^ An sm & . ^ _. aD 

Cos a = ^ = = cos ft cos e. But, cot C = ^ = , and cot B = ^ 

OE sec c AE tanc AE 



vme ^r% ^^ sm ft sm c , 

= :r~k » whence, cot B cot C = — r = cos ft cos<: 

tanft' ' tanfttanc 



cos a = cot B cot C. 



121, ScH. 2.— It is of much importance, especially for the purposes of 
Spherical Astronomy, that the student observe that the relations expressed in 
^e above formulae, and in fact all the relations between the sides and angles of 
spherical triangles, are also the I'elations between the facial and diedral angles 
of triedrals. Thus, if a, ft, and c represent the facial angles, and A, B, and C the 
opposite diedrals, all these relations can be established, and in exactly the same 
manner as above, without any aUusion to tlie spJiencal triangle, [The student 
should do it.J 
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DETERMINATiaN OF SPECIES. 

122. In the solution of spherical triangles the determination of 
the species of a pari; sought becomes of essential importance, since 
any pari; of such a triangle may have any value between 0° and 180°. 
Hence, when we have learned the numerical value of any function of 
a part, we have yet to determine whether the part itself is less or 
greater than 90°, i, e., the species of the part This may always be 
effected by some one of the following propositions. 



123. Prop. — If the part sought is found in terms of its cos, 
tan, or cot, its species can be determined by the algebraic signs of the 
f mictions in the formula used. 

Dem. — In each of the formulcB arising from the application of Kapier's rules, 
there are three functions, the arcs corresponding to two of which are always 
known, hence the algebraic signs of their functions are known, and the signs 
of these two determine the sign of the thlrd*or unknown function. Now, when 
a cos, tan, or cot is + , the corresponding angle is less than 90° (if less than 
ISO**) ; and when one of these functions is — , the corresponding angle is greater 
than 90** ; ». «., in a triangle, it is between 90** and 180°. 



124. When the part sought is found in terms of its sine, the 
species cannot be determined by the signs of the formula, since the 
part being less than 180° its sine is always +. The three ibllowing 
propositions dispose of such cases. '" 



125. JProp. — An oblique angle of a right angled spherical tri- 
angle and its opposite side are always of the same species. 

Dem. — ^From Napier's first rule we have, cos B = cos 5 sin C. But sin C is 
necessarily + ; therefore, cos B and cos b always have the same sign, and B and 
^ are of the same species. In like manner, we see from cos C = cos c sin B, that 
C and c are of the same species, q. e. d. 



12S. Prop* — When the hypotenuse of a right angled spherical 
triangle is less than 90°, the other two sides {and consequently the 
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oUique angles) are of the same species with each other. But when the 
hypotenuse is greater than 90°, the other two sides {and consequently 
the ohlique angles) are of different species from each other. 

Dem. — Prom Napier's first rule we have, cos a = cos h cos c. Now, if 
a < 90°, cos a is + ; hence cos J and cos c must have like signs, and h and c be 
both less or both greater than 90** But if a > 90° (and less than 180°, as it is), 
cos a is — ; hence, cos b and cos c must have different signs, and h and c be one 
greater and the other less than 90°. Fmally, smce the oblique angles are of the 
same species as their opposite sides, they are of the same species with each other 
when a < 90°, and of different species from each other when a > 90°. 



127 • Prop* — When a side and its opposite angle are given in a 
right angled spherical triangle, there is no solution if the sine of the 
side is greater than the sine of its opposite angle; there is one 
solution and the triangle is hi-rectangular if the sins of the side 
equals the sine of its opposite angle; and there are two solutions if 
the sine of the side is less- than the sine of its opposite angle. 

Dem. — We have sinJ = sin a sin B, or sina = -; — =. Now, sin J > sin B 

sm B 

makes sin a > 1, which is manifestly impossible. Sin 5 = sin B makes 6 = B, 

since they are of the same species. But when the arc included by the sides of 

an oblique angle of a right angled spherical triangle is equal to the angle, the 

vertex of the angle is the pole of the arc. Hence, in this case the other sides of 

the triangle are each 90°. Finally, if sin d < sin B, a has two values, one 

greater and the other less than 90°. Hence there are two triangles. 

128, ScH. — These relations between an angle and its opposite side may be 
observed directly from a figure. When B < 90°, the measure of it, that is 
6 = B, is the greatest included perpendicular which 
can be dmwn to one side of the lune BAB'C. Hence, 
in this case, b cannot exceed B, which implies that 
sin b cannot be > sin B, as when the arcs are less 
than 90°, the greater arc has the greater sine. If 
shift = sm B, b = B, and BA = BC = 90°, and the 
side b can occupy but one position in the lune, thus 
giving rise to but one tiiangle BAG, which satisfies 
the conditions (or two equal triangles BAG and 
B'AC). If ft < B, which, when B is less than 90? 
implies that sin ft < sin B, the side can occupy two positions in the lune, ft' and 
ft" giving rise to two triangles, BA'C' and BA"C", both of which fulfill the* 
conditions. 
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Again, when B > 90'', the measure of it, i, e.y 6 = B, is the least included 
perpendicular that can be drawn to one side of the 
lune. Hence, in this case we cannot have & < B, 
which implies that sin b cannot be > sin B, since the 
greater arc has the less sine. If sin 5 = sin B, 
ft = B, and BA = BC = 90', and the side b can oc- 
cupy but one position in the lune, thus giving rise b( 
to but one triangle B AC, which satisfies the conditions 
(or two equal triangles BAG and B'AC). If ft > B, 
which implies that sin ft < sin B, the side ft can 
occupy two positions in the lune, as 6' and ft", 
thus giving rise to two triangles BA'C, and BA^'C", both of which satisfy the 
conditions. 




EXERCISES* 

1. In a right angled spherical triangle BAG, A being the right angle, 
B = 80** 40', and a = 105° 34', to project the triangle and compute 
the other parts. 

Projection.*— Projecthig the triangle upon the plane of the side c (102), 
we have, 6GA, Fig, 51. [The student should give 
the process.] 

Solution.— It is immaterial which of the re- 
quired parts we seek first. We will seek e. Now 
the three circular parts under consideration are c, 
compa, and comp B. Comp B is middle part, 
and the extremes areacyacent ; hence, by Napier's 
second rule we have, 

cos B = tan c cota. 
cos B cos 80' 40' 



tanc = 



cot a cot 106° 84'* 




Now cos 80° 40' is +, and cot 105** 84' is — . Therefore tan c is — , and c > 90* 

Computing by logarithms, 

log cos 80* 40' = 9JWWW 
- log cot 105'' 84' = 9.444847 
= log tan c = 1.765045 

Add 10 for tab. tan 10. 

9.765045. .-. 6 = 149** 47' 87". 



* It la recommended that the projection be given always before the trigonometrical eolation. 
It is an excellent exercise, and ^ves clearness of perception. 

6 
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To find by sin 6 = sin a sin B = Bin 105*' 84' x sin 80** 40'. This makes b 
known by means of its sine, whence the signs of the formula do not determine 
the species of 5. But 6 is of the same species as B (124)^ and therefore less 
than 90°. 

Computing by logarithms, 

log sm lOS** 84' = 9.983770 
+ log sin 80^ 40' = 9.994212 

Deducting 10 = 9.977982 = log sin ft. /. ft = 71*' 54' 83". 

m J! J r^ xox^ x^ C<«<* COS 105° 84' _-, 

To find C, cosa = c^tBcotC, or cotC = -^^^ = — ^o ^, . Whence 
cot C is — , and C > 90°. 

Computing by logarithms, 

log cos 105° 84' = 9.428717 
- log cot 80° 40' = 9 .215780 

Adding 10 = 10.212937 = log cot C. .-. C = 148° 80' 54". 

ScH. — It is expedient to find each part directly from the parts given in the 
example, in order that an error in finding one may not extend itself through 
the whole solution. 

2. Given a = 86"* 51', and B = 18*" 03' 32", to project the triangle 
and compute the other parts. 

c = 86^ 41' 14", b = 18^ 01' 50", C = 88^ 68' 25". 

3. Given b = 155^ 27' 64", and c = 29° 46' 08", to project ttie 
triangle and compute the other parts. See 
Fig. 62. 

a = 142° 09' 13", c = 64° 01' 16", 
B = 137° 24' 21". 

4. Given c = 73° 41' 35", and b = 
99° 17' 33", to project the triangle and 
compute the other parts. 

C = 73° 64' 46", b = 99° 40' 30", 
Pia.M. (. = 92° 42' 17". 

6. Given B = 47° 13' 43", and c = 126° 40' 24", to project the 
triangle and compute the other parts. 

b = 32« 08' 66", a = 133° 32' 26", c =, 144° 27' 03". 
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Projection. — In order to project this case, t. «., 
when the two oblique angles are given (105\ it is 
most convenient to compute the base before pro- 
jecting. It is also expedient, when two angles are 
given, to project the larger at a point in the cir- 
cumference of the primitive circle, as at C, espe- 
cially if the smaller be quite small. In this case, 
projecting the angle C at C, Fig. 58, conceive B A as 
drawn through P (or, if desired, sketch it hypo- 
thetically), and then compute &, from the relation 

« . ^ t t cos B __ . Wtq 53 

cos B = sm C cos 5, or cos 5 — - — k. Havms: 
* sm C ^^ 

found 6 r= 32** 08' 56", take CA = 6, and draw AB through P. 

6. Given B = 100°, and S = 112°, to project the triangle and com- 
pute the other parts. 

Projection.— See Fig. 54. 

NuMBRiCAii Solution.— 2b find <r, we have 

sinc=tan6cotB = tan 112** cot 100^ 

Computing by logarithms, 

log tan 112*' = 10.893590 
+ log cot 100** = 9.246319 




Fig. 54. 



sin 5 



sm 112** 



Rejecting 10 = 9.639909 = log sin c 
.-. c = 25** 52' 33".4, or 154^ 07' 26 '.6, t. <?., BA, or BA'. 

To find a, we have 

sin 5 = sin a sin B ; whence sin a = 

Computing by logarithms, 

log sm 112" =9.967166 
- log sin 100" =9.993351 

Adding 10 = 9.973815 = logsm a. ,\a = 70" 18' 10".7, or 109° 41' 49".3, 
i, A, BC, or BC. 



sin B sin 100" 



To find 0, we have 

cos B = cos & sin C ; whence sin C =s 



cos B _ cos 100" 
cos &""cosll2"* 



Computing by logarithms, 

tog cos 100" = 9.239670 
-log 'cos 112"= 9.573575 

Adding 10 = 9.666095 = log sin 0. .-.C = 27"36'58".8,orl52" 23'01".3, 
•Id., BCA, orBC'A'. 
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Thus we see that each of the two triangles BCA and BC'A' fulfills the con- 
ditions of the problem. 

7. Given one side of a right angled spherical triangle 160°, and the 
opposite angle 150°, to project the triangle and compute the other 
parts. 

Results. — There are two triangles. The other sides of the first 
are 136° 50' 23", and 39° 04' 51"; and the angle opposite the latter 
side is 67° 09' 43". The corresponding parts of the other triangle 
are 43° 09' 37", 140° 55' 09", and 112° 50' 17". 

\ 8. In the spherical triangle DEF, right angled at E, given an oblique 
angle 58°, and the side opposite 64°, to project the triangle and com- 
pute the other parts. 

\ 9. In a right angled spherical triangle given an oblique angle 
165°, and the opposite side 112°, to project the triangle and com- 
pute the other parts. 

10. In a right angled spherical triangle given one side 65° 23' 12", 
and the opposite angle 65° 23' 12", to project the triangle and com- 
pute the other parts. 

11. Given c = 60° 47' 24".3, B = 57° 16' 20".2, and A = 90°, to 
project and compute. 

a = 68° 56' 28".9, c = 54° 32' 32".l, and I = 51° 43' 36".l. ^ 

12. Given c = 116°, S = 16°, and the included angle 90°, to pro- 
jeet and compute, o ^^ f ,v C, 



QUABBANTiL TRIANGLES. 

129. A Quadrantal Triangle is a spherical triangle one 
of whose sides is a quadrant, or 90°. Such a triangle is readily- 
solved by passing to its polar, solving it, and then passing back. 
The polar triangle to a quadrantal triangle, being right angled, is 
solved by Napier's rules. 

Ex. 1. Given a = 90°, B = 75° 42', and c = 18° 37', to compute 
the other parts. 

Sue's.— Representing the supplemental parts of the polar triangle by A', B', 
C, a\ b\ and c\ we have A' = ISC'* - a = 90% &' = 180* - B = 104° 18', and 
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C = ISO** - c = lei** 23', from which to find B', a', and c'. This being right 
angled, we find, by applying Napier's rules, B' = 94° 31' 21", a' = 76° 25' 11", 
and c' = 16V 55' 20". Hence in the primitive triangle we have b = 180° - B* 
= 85° 28' 39", A = 180° - a' = 103° 84' 49", and C = 180° - c' = 1$° 04' 40". 

Ex. 2. Given a = 90% c = 42° 10', and A = 115° 20', to find the 
other parts. 

B = 54° 44' 24", i = 64° 36' 40", c = 47° 57' 47". 



/-/ 



SECTION II. 

OF OBLIQUE ANGLED SPHERICIL TBIANGXiES. 

130* All cases of oblique angled spherical triangles can be solved 
by Napier's rules and the following proposition. 

131. Prop. — In any spherical triangle, if a perpendicular he 
let fall from either vertex upon the opposite side or side produced, 
the tangent of half the sum of the segments'^ of that side is to the 
tangent of half the sum of the other two sides, as the tangent of half 
the dijference of those sides is to the tangent of half the difference 
of the segments. 

Dem.— In the triangle BAC let fall the perpen- 
dicular p, fi-om C upon the opposite side. Let 
BD = «, and DA = «'. By Napier*s first rule, 
cos a = cos p cos «, and cos & = cos p cos «'. 

Dividing the former by the latter, r = , ; 

^ ^ * cos 6 cos «' ' 

whence, by composition and division, 

cos h — cos a __ cos «* — cos « 
cos a + cos b ~~ cos 8 + cos «'* 

Bat by {61), 




Fig. 55. 



cos b — cosa 
cos a + cos b 



= tan i (a + 6) tan i (« — ft), 



and 



cos ^ — cos 8 
cos 8 + cos «' 



7 = tan ^ (« + O tan ^ («— «')i 



* When the perpendicular MU without the haee, as in Fig. 66, this terra is to he understood 
as meaning the distances from the foot of the perpendicular to each extremity of the hase, as 
BD And AD* Tliis, in fact, is the general statement— applying as well to the case when the 
perpendicolar Iklls on the base. 
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.-. tan i (a+b) tan i (a — J) = tan i (a + «') tan i(« — «'); 

or, i&n i {s + 8') : tSLDL i (a + b) : : tan i (a — J) : tan i (a — «'). Q. E. D. ^ 

132. ScH. 1. — Since from a point in the surfaco 
of a hemisphere two perpendiculars can always 
be drawn to the circumference of the great circle 
which forms its base, and since the feet of these 
perpendiculars are 180° apart, and no side of a 
spherical triangle can equal 180°, the foot of one 
perpendicular will always fall within the base or 
upon one extremity of it, and the other without 
the base ; or both will fall without the base. If 
we take the foot of the peipendicular which falls 
within the base, or the nearer one when both fall 
without, the sum of the distances from the foot of 
the perpendicular to the extremities of the base is always less than 180°, 
t. e., a + «' < 180°. When the perpendicular falls withm, « + «' makes up one 
side of the triangle, and hence is less than 180°. If both perpendiculars fall 
without, let D, Fig. 56, be the foot of the nearer one. Now DB + BD' = 180° ; 
but by hypothesis DA < BD', .-. DB + DA < 180°. When DA = BD', DB + DA 
= 180°. 

133. SCH..2. — ^As in spherical triangles the greater segment is not always 
adjacent to the greater side, it becomes necessary to determine the position of 
the segments. This can be done by the signs of the proportion 

' tan i (« + «') : tan i (a + 5) : : tan i (a — J) : tan i (« — «'). 

1st Tan i(a + «') is always +, smce, if D falls in the base, « + «' < 180°; 
and if D falls without, by taking the nearer perpendicular, « + «' is still < 180° 
(132). .-. i (s + «') < 90°, and tan i (a + «') is +. 

2d. When a + b < 180°, tan i (a + J) is + ; and when a + & > 180°. 
tan i (a + 5) is — . 

3d. When a>J, a — disa positive arc less than 180°, hence tan ^ (a — b) 
is -f- ; and when a < 6, (a — 6) is a negative arc and less than 180°, hence 
tan i (a — 6) is — . 

4th. The signs of these terms being determined, that of tan i (a — a') becomes 
known. Now, as i (a — a') cannot be numerically greater than 90°, tan i (a — a') 
is + when a > a', and — when a < a'. 

5th. When a + a' = 180°, tan i (a + a')= oo. Now as a - J < 180% tan i (a-6) 
cannot be oo, nor can tan i (a — a') = when the perpendicular falls without 
Hence to make the proportion possible, tan ^ (a + b) must be oc, or a + J = 180°. 
In this case we project on the plane of o or b. If a+b = 180°, and a+c = 180°, 
we prdject on the plane of a. If a+6 = 180°, a+c = 180°, and b-\-c = 180°, the 
ti'iangle is trirectangular. 

134. ScH. 3. — ^If either segment is greater than the whole base, the perpen- 
dicular falls without the triangle. In this case the shorter segment lies in an 
opposite direction from its angle to that considered in the demonstration, and 
hence is to be consideTed — ; and the algebraic sum of the segments is still 
'^qual to the side upon which the perpendicular is let fall. 
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13S» Prop. — In a spherical triangle, the sines of the sides are 
to each other as the sines of their opposite angles. 

Dem. — By Napier's first rule we have from either Mg. 65 or Ftg, 66, 

sin p = sin a sin B, and sin p = sin b sin A. 

/. sin a sin B = sin d sin A, or sin a : sin 6 : : sin A : sin B. q. b. d. 

ScH. — This proposition is not introduced here because it is necessary for the 
sohiium of spherical triangles, but because of its essential importance. It is 
often couTenient to use it in the solution of a triangle, but never necessary, as 
will appear hereafter. It affords a ready method of determining a part oppositb 
a given part, provided the species of tJie part he determine^ by other considerations. 
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SOLUTION OP OBLIQUE ANGLED SPHERICAL TRIANGLES BY 
NAPIER?S RULES FOR RIGHT ANGLED SPHERICAL TRIANGLES. 

136. The examples which arise in the solution of oblique angled 
spherical triangles are all comprised under the three following 
problems, each of which consists of two cases : — 

1. When the giyen pari;s are all adjacent to each other. 

2. When two of the given parts are adjacent and one separate. 

3. When the given parts are all separate from each other. 



1311 • JProb. 1. — Oiven three adjacent parts of an oblique angled 
spherical triangle, to solve the triangle. 

Case 1st. — Oiven two sides and the included angle. 
SoLxrnoK. — ^Project the triangle on the plane of one of the given sides {106\ 
and let fall a perpendicular fh)m the angle opposite upon this side or upon 





Fig. 57. Fio. 68. 

this side produced, as the case may be. There are thus formed two right 
angled triangles, as BDC and DCA, each of which can be solved by Napier's 



88 



SPHEBICAL TBIOONOMETBT. 



rules, by first solving the one containing Hie given angle. Thus, in the triangle 
BDC right angled at D, a and B ai^ supposed known ; whence CD, BD, and the 
angle BCD, can be computed. As BA = <; is known, the segment DA can 
be found, it being the difference between c and the arc BD. When the solu- 
tion of this triangle gives BD > c, it is evident that the perpendicular falls 
without the triangle, which will agree with the projection. Passing to the 
triangle ADC, right angled at D, we now know CD and DA ; whence the 
other parts can be found. Finally, the angle BCA of the required triangle = 
BCD + DCA when the perpendicular falls within the triangle, and BCD — DCA 
when the perpendicular fidls without 

Case 2d. — Oiven two angles and the included side. 

Solution.— The solution of this case is eflEected by passing to the polar 
triangle, projectmg and solving it by Case 1st, and then passing back. 

138. ScH.— A slight saving of labor is eflEected by using (ISS) in the solu- 
tion. Thus, in the triangle BCD, compute CD and BD as befwe, and (not com- 
puting angle BCD) then passing to the triangle DCA, compute b and A. Finally, 
compute C (the entire angle) from the proportion 

sin 6 : sin e : : sui B : gin C. 



139. Prcb. 2.'—In an oblique angled spherical triangtcy given 
two parts adjacent to each other and one separated from both of theniy 
to solve the triangle. 

Case 1st. — Given two sides and an angle opposite one of them. 

Solution. — Project the triangle on tiie plane of the unknown side, with the 
given angle at B ; and let fall the perpendicular from the angle C opposite the 
unknown side. Compute the triangle BDC. Having computed this tiiangle, 



n: A' 





A N 

Fie. 69. Pm. ( 

compare the side opposite the given angle, as ft, with the perpendicular and 
the arcs BC and CB', t. e,, with p, a, and 180** — a. Jf b = p there is but 
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one solution and the triangle is right angled, A falling at D. If 5 is inter- 
mediate in value between p and both a and 180** — a, it can occupy two positions 
as in Mg. 59, and there are two solutions. If 5 is intermediate in value between 
p and only one of the arcs a or 180** — a, there is but one solution. When B < 90° 
the perpendicular is less than any oblique arc ; hence in this case, \f b <p, there 
is no solution. But if B > 90°, the perpendicular is greater than the oblique 
arcs ; hence in this case, if ft > j?, there is no solution. [These results should be 
obtained independently of the results given by the projection, and one be made 
ft dieck upon the other.] The solution is now completed by computing the 
parts of DCA, and adding or subtractmg the segments BD and AD, and the angles 
BCD and ACD, as the case may require. 

Case 2d. — Owen two angles and a side opposite one of them. 

Solution.— Pass to the polar triangle ; solve it, and then pass back.* 

140. ScH. — The relation established in {13S) may also be used hi the 
solution of this problem. Thus, having projected the triangle, computed 
/?, and determined whether there are one or two solutions, to find A, when 
a, J, and B are given, we have, sin b : sin a : : sin B : sin A. Then computing 
the third side e (or sides), by means of the right angled triangles BCD and DCA 
as before, we may use the proportion (13S) to find the angle BCA and BCA'. 
But the use of this proportion gives no advantage except in cases in which 
there is only one solution. 



141* Proh. 3. — In an oblique angled spherical triangle, given 
three parts all separated from each other, to solve the triangle. 

Case 1st. — Given the sides to find the angles. 

Solution. — ^Project the triangle on the plane of one of its sides, as c. From 
the proportion, 

tani(« + s') : tani(« + b) :: tmMa — b) : tanK«— «'), 

* This case can be projected and eolved in a manner i 

altogether Bimllar to the first, withont jMssing to the ^<-n ^--^ 

polar triangle. Thus, let Bt <>« >nd A be the given parts. //'\ 1 ^^^^^>P^ 

Project the triangle on the plane of c, as in the figure. / / ^^(^'"^^^ / \ 

Project B in the usual way, and make BC = the projec- / • /:J^\\/\ \ 

tlon of a. Through C draw DD't »nd make BDO = the fx^- — ^k^-^^^^SX-—-^ 

projection of A- Drawing the small circle with radius B ^^^Zy^-[\/\^lZ^^''^~^ll 

PCi draw diameters through the intersections Q and Q'. \ y^^Tfecrl Y'x'L ^'^^y 

Then will A *nd A' 1>« the vertices of the triangle re- \ / / \T\ / 

quired. The student may prove that the figures PQD D\^ TsA .^^ 

and PC A are equal, and also PQ'D and PCA'» »°d ^ — T^^ 
hence that angle BDO = A = A'. 
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Fig. 62. 



find i(« — sy Then half the sum of the segments « 
+ half the difference gives the greater segment, and 
half the sum — half the difference gives the less. 
Determine from the signs of the t^rms whether 8 is 
greater or less than «' : and also determine whether 
the perpendicular lies within or without the tri- 
angle (134), Observe that these results correspond 
to those given by the projection. Finally, in each 
of the two right angled triangles BCD and DCA, 
there are two sides given ; whence the angles can 
be found by Napier's rules. If the perpendicular 
falls withhi, C = BCD + DCA, and A, of the re- 
quired triangle = DAC. If the perpendicular falls 
without, C = BCD — DCA, and A of the triangle 
= 180" - DAC. 

Case 2d. — Oiven the angles to find the 
sides. 

Solution. — Pass to the polar triangle ; solve it, 
and then pass back. 

142^ ScH.— Here, again, (^55) affords a slightly- 
more expeditious solution. Having projected the 
triangle, found and located the segments, and com- 
puted one angle, as B, by the methods given above, the other angles may be 
found from the proportions, 

sin 5 : sin a : : sin B : sin A, 
and sin & : sin 6 : : sin B : sin C. 




^ EXERCISES. 

1. Given * = 120° 30' 30", c = 70° 20' 20", and A : 
to project and solve the triangle. 



: 60° 10' 10", 




Fie. 61 



Projection.— See Ftg, 64. 

Trigonometrical Solution.— 1st To aolw the 
triangle ABD, in which the two known psita ve 
situated. 

(a) To find p, sm p = sin c sin A. 

log sm 70** 20' 20" = 9.973912 
+ log sm 50° 10' iO" = 9.885329 

Rejectmg 10 = 9.859241 = log sin p 
.'. p = 46* 19' 01", the species being determined 
by the opposite angle (125), [Observe that the re- 
sult corresponds with the projection]. 
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cos A 
(ft) To find AD, cos A = cote tan AD, or tan AD = — - . 

log cos 50M0' 10" = 9.806533 

- log cot 70" 20' 20" = 9.553016 

Adding 10 = 10.258616 = log tan AD. /. AD = 60' 50' 49", 
the species being determined by the signs of the formula. 

(c) To find angle ABD, cos c = cot A cot ABD, or cot ABD = rrrx. 

log cos 70° 20' 20" = 9.526929 

- log cot 50'' 10' 10" = 9.921204 

AddiDg 10 = 9.605725 = log cot ABD. .-. ABD = 68** 01' 53" 
the species being determined by the signs of the formula. 

2d. To solve the triangle DBC. 

(a) To find DC. Smce AD < ft, the foot of the perpendicular falls in the base, 
and DC = AC - AD = ft - AD = 120** 80' 80" - 60' 50' 49" = 59' 89' 41". 

(6) To find a, cos a = cosj? cos DC 

log cos 46' 19' 01" = 9.839270 
+ log cos 59' 89' 41" = 9.703386 

Rejectmg 10 = 9.542656 = log cos a. /. a = 69** 34' 56", the 
species being determined by the signs of the formula. 

(c) To find C, sin p = sin a sin C, or sin C = n~- 

log Bmp = 9.859241 

- log sin 69' 34' 56" = 9.971820 

Adding 10 = 9.887421 = log sin C. .-. C = 50' 80' 08", the 
species being determined by the side opposite. 

(d) To find angle DBC, sin p = tan DC cot DBC, or cot DBC = ^qq - ♦ 

logsmp = 9.859241 

- log tan 59' 89' 41" = 1 0.282653 

Adding 10 = "9.626588 = log cot DBC. .'. DBC = 67' 03' 36", 
the species being determined by the signs of the formula. 

Finally, B = ABD + DBC = 68' 01' 53" + 67' 03' 86" = 135' 05' 29". 

ScH.— We might have omitted the computation of angle ABD in the first 
part, and DBC in the second, and have found instead the entire angle B from 
sin a : sin ft : : sin A : sin B. To compute this requires the looking out of but 
two logarithms, since sin a is given in the second part (c), and sin A in the first 
part (a). 

2. Given a = 97° 35', ft = 27° 08' 22", and A = 40° 61' 18", to 
project and compute the triangle. Between what limits must the 
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value of a be assigned in order that there may be two solutions ? Be- 
yond what limiting values of a is a solution impossible ? 

^^^---~...,,^^ ^ Projection. See i%. 65. 

/XJs^ /^\\v Trigonometrical Solution. — To find p, sinp 

//' \^ / J^^\ = sin 6 sin A. 

// ^^^^^^-^^yC^ i\ l<>g sin 27'' 08' 22" = 9.659115 

j '^^^>^. J] + ^^^ ^"* ^^" ^^' ^®" = ^-^^^^"^^ 

\\ y/y^ \ ^^V V Rejecting 10 = 9.474790 = log sini?. 

^£/ ^s///^ .\p = 17° 21' 40". [Reason for the species.] 

^^^:zz:^^^^^ ^® now observe that there is one and onlj/ ono 

- — '^""^ solution, since the arc a (97° 35') cannot lie between 

Pig. 65. CD (17° 21' 40") and d(27° 08' 22"), but can lie be- 

tween CD and CA' (180'' - 6 = 152° 51' 88"). 

cos a 
To find AD, cos A = cot & tan AD or tan AD = — -r. 

' cot d^ 

log cos 40° 51' 18" = 9.878733 

- log cot 27° 08' 22" = 10.290226 

Adding 10 = 9.588507 = log tan AD. .'. AD = 21° 11' 30".6. 

cos d 
To find angle ACD, cos ft = cotA cot ACD, or cot ACD = — —^. 

log cos 27° 08' 22" = 9.949340 

- log cot 40° 51' 18" = 10.0630575 

Adding 10 = 9.8862825 = log cot ACD. .\ ACD = 52° 25' 01". 

[Reason for the species.] 

sin D 
To find B, fflni? = sin « sin B, or sin B = -r— ^. 

sin <h 

log sin p (as above) = 9.474790 
- log sin 97° 35' = 9.996185 

Adding 10 = 9.478605 = log sm B. .\ B = 17° 31' 09". 
[Reason tor the species.] 

To find DB, cos a = cos » cos DB, or cos DB = . 

' -^ * cosp 

log cos 97° 35' = 9.120469 

- log cos 17° <21' 40" = 9.979750 

Adding 10 = 9.140719 = log cos DB. .-. DB = 97° 56' 51".3. 
[Reason for the species.] 

AB = AD + DB = 21° 11' 80".6 + 97° 56' 51".8 = 119° 08' 21".9. 

To find DCB, sin © = tan DB cot DCB, or cot DCB = t^^^Me.- 

tan u^ 

log sin p (as above) = 9.474790 

- log tan 97° 56' 51".3 = 10.855090 

Adding 10 = 8.619700 = log cot DCB. .-. DCB = 92° 23' 7".7. 

[Reason for the species.] 

ACB = C = ACD + DCB = 62° 25' 01" + 92° 23' 7".7 = 144° 48' 8".7. 
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Finally, we observe that, if any value were assigned to a between h (27° 08' 22") 
and CD (17° 21' 40") there would be two solutions ; since for such values the side 
a could lie on both sides of CD. But, for any value of a less than CD (17° 21' 40"), 
there would be n€> solution ; since CD is the shortest distance from C to the arc 
ABA'. Also, for any value of a greater than the arc CA' (152° 51' 38"), there 
would be no solution, as such an arc would fall between CA' and CD' (if not 
> CD'), and consequently would make c > 180°. 

ScH. — Such examples as this and the preceding can be more expeditiously 
solved by using p in each equation in solving the triangles ACD and DCB. By 
thi& means and using {135) to determine the side c, the solution can be effected 
with only 12 logarithms. Thus in Ex. 2. 

iBt. To find p, tinp = sin ft Bin Ai rcqaire» 8 logarithms 

2d. To find AC Di cos ACD = cot ft tan p, requires 8 " 

8d. To find DC Bi cos DCB = cot a tan p, requires 3 ** (loRtanp being known)* 

4tli. To find B« eii^P = sin a sin Bt requires 3 (Io£r sin^ being known). 

5th. To find c, sin A : Bin C : •* ein o : Bin c, requires ^ ** (Iog*8 of sin A and sin a 

Total n logarithms being known.) 

3. Given a = 76° 35' 36", 5 = 50° 10' 30", and c = 40** 00' 10", to 
project and solve the triangle. 
Projection. —See Fig. 66. 

Trigonometrical SoLimoN.— 1st. To find the 
segments CD and DB, we have, 

tan Ms + «')i 
or 

tan ia : tan i(ft + c) : : tan i(p — c) : tan i{« — O- 
Computing by logarithms. 

a.c. log tan i« = log tan 38° IT 48" = 0.102561 
+ log tan K^ + c) = log tan 45° 05' 20" = 10.001347 
+ log tan i{b - c) = log tan 5° 05' 10" = 8.949406 ^^^' ^• 

Rejecting 10 = 9.053814 = log tan i(« - a'). 

.-. i(«-«') = 6°2r02". 

In order to determine whether 8 or «' is the greater * we observe the signs 
of the proportion, and finding tan J(« — «') positive, know that s > «'. 

Hence, « = i(« + «') + i(« - «') = 38° 17' 48" + 6° 27' 03" == 44° 44' 60", 
and «' = i(8 + «') - i(« - 8') = 38* 17' 48" - 6° 27' 03" = 31° 50' 46". 

The angles sought are now readily found by computing the two right 
angled triangles ADC and ADB. 



* Though the projection generally determines Buch facts as this, the species of parts, and 
the nnmher of solutions in ambiguous cases, the student should not rely upon it^ but determine 
6flch such fact upon purely trigonometrical considerations, merely using the projection to giY« 
clearness to the conception, and as a rough check against errors. 
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Or, having computed C from the triangle ACD, we may find A and 6 more 
expeditiously by using the proportions, 

sin c : sin 5 : : sin C : sin B, 
and sin (3 : sin a : : sin C : sin A. 

The angles are C = 34" 15' 03", A = 121° 36' 12", and B = 42° 15' 13". 

4. Given A = 128° 45', C = 30° 35', and a = 68° 50', to solve the 
triangle. What values of A give two solutions ? What none ? 

c = 37° 28' 20", i = 40° 09' 04", and B = 32° 37' 58".* 

5. Given A = 129° 05' 28", B = 142° 12' 42", and C = 105° 08' 10", 
to solve the triangle. 

a = 135° 49' 20", h = 146° 37' 15", and c = 60° 04' 54". 

_, I 6. Given a = 68° 46' 02", b = 37° 10', and C = 43° 37' 38", to 
project and solve the triangle. 

A = 116° 22' 22", B = 35° 29' 54", and c = 45° 52' 34". 

^ ""7. Given a = 40° 16', b = 47° 44', and A = 52° 34', to project 
and solve the triangle. What values of a giv^ but one solution ? 
What none ? 

There are two triangles.— In the 1st, c = 53° 19' 20", B = 65° 16' 
35", and C = 79° 52' 21". In the 2d, c = 14° 18' 22", B = 114° 43' 
25", and C = 17° 39' 22". 

- ^ 8. Given a = 62° 38', b = 10° 13' 19", and C = 150° 24' 12", to 
project and solve the triangle. 

A = 27° 31' 44", B = 5° 17' 58", and c = 71° 37' 06". 

/^ 9. Given a = 56° 40', b = 83° 13', and c = 114° 30', to project 
and solve the triangle. 

A = 48° 31' 18", B = 62° 55' 44", and C = 125° 18" 56". 

//, 10. Given A = 50° 12', B = 58° 08', and a = 62° 42', to solve the 
triangle. What values of A give but one solution ? What none ? 

There are two solutions.— Uty b = 79° 12' 10", c = 119° 03' 26", 
and C = 130° 54' 28". 2d, b = 100° 47' 50", c = 152° 14' 18", and 
C = 156° 15' 06". 

11. Given A = 36° 25', B = 42° 17' 10", and C = 95° 10' 05", to 
project and solve the triangle. 
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12. Given a = 124° 53', b = 31° 19', and c = 171° 48' 22", to 
solve the triangle. 

13. Given a = 150° 17' 23", i = 43° 12', and c= 82° 50' 12," to 
solve the triangle. 

J 14. Given a = 115° 20' 10", b = 57° 30' 06", and A = 126° 37' 30", 
to solve the triangle. 

15. Given A = 109° 55' 42", B = 116° 38' 33", and C = 120° 43' 
37", to solve the triangle. 

-^ 16. Given A = 50°, b = 60°, and a = 40°, to solve the triangle. 

c3 17. Given a = 50° 45' 20", b = 69° 12' 40", and A = 44° 22' 10", 
1o project and solve the triangle. 

There are two solutions.— Uty B = 57° 34' 51", c = 115° 57' 51", 
and c = 95° 18' 16". 2d, B = 122° 25' 09", c = 25° 44' 32", and o 
= 28° 45' 05". 

-^ "^ 18. Given b = 99° 40' 48", c = 100° 49' 30", and A = 65° 33' 10", 
to project and solve the triangle. 

a = 64° 23' 15", B = 95° 38' 04", and c = 97° 26' 29'(. 

^ 19. Given A = 48° 30', B = 125° 20', and c = 62° 54', to solve the 
triangle. 

a = 56° 39' 30", b = 114° 29' 58", and c = 83° 12' 06". 

Z20. Given C = 54° 15' 03", B = 40° 18' 13", and a = 70° 30' 30", 
to solve the triangle. 

S 21. Given A = 47° 54' 21", c = 61° 04' 56", and a = 40° 31' 20", 
t9 project and solve the triangle. 

£ 22. Given a = 50° 10' 10", b = 69° 34' 35", and a = 120° 30' 30", 
to project and solve the triangle. 
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SECTION III. 

GENERAL FORMUUE. 

[Note.— This section is designed for such as 
make mathematics a specialty. The preceding 
sections are thought sufficient for the general 
student] 

14:S. Prop. — In a Spherical Tri- 
angle the cosine of any side is equal to 
the product of the cosines of the other two 
sides, plus the product of the sines of those 
sides into the cosine of their included 
angle; thatiSy 



(1) cos a = cos J cos c + sin J sin c cos A; 

(2) cos 5 = cos a cose + sin asin c cos B; ^ A« 

(3) cos c = cos a cos S + sin a sin J cos C. 




:ii 



Dbm.— From IHg. 67, we have, 
cos a = cos (c — a;) cosp 
cos (c — x) cos b 



I sL 



cos a; 
C08& cose cos X -H C08& sju c sin X 
cosa? 



cosdl 

smce cos » = I 

^ cos a; J 

[expanding cos(c — «)] 



=: cos 5 cose + cos J smc tan « I smce = tan a; I 

• L coso; J 

= cos ft cos (3 + sin ft sine cos A T since cos A = cot ft tana? = 



[' 



co s ft tan a? "| 
sinft J 



In a similar manner (2) and (3) may be produced. 



14:4:, CoR. 1. — From set A, ly passing to the polar triangle, w^^ 



(1) cos A = — COS B COS c + sin B sin c cosa ; 

(2) cos B = — cos A cos C + sin A sin c cos 

(3) cos C = — cos A cos B + sin A sin B cos 



a;\ 

c. 3 



Dem.— Letting a', ft', e'. A', B', and C represent the parts of the polar triangle, 
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we have a = 180° - A', ft = 180° — B', c = 180° - C, A = 180* - a', B = 
180° - h\ and C = 180° - <;'. Whence, subsUtuting in (1) A, we have, 

COB (180° - AO = cos (180° - BO cos (180° - C) 

+ sm (180° - BO sin (180° — CO cos (180° - aO. 

or, cos A' = — cos B' cos C + sin B' sin C cos a', 

since cos (180° — AO = — cos A', etc. ; and sin (180° — BO = sm B', etc. 

Finally, dropping the accents, since the results are general, and treating (2) 
and (3) of set A in the same way, we have set B. 

14:5. CoE. 2.' — Frmi A and B we readily find ihe angles in terms 
of the sides J and the sides in terms of the angles. ThuSyfrom A, 



,^ V . cos a — cos 5 cos c ^ 

(1) C0SA = T-'-r—. ; 

^ sm ^ sm c 

cos S — cos a cos c 



(2) C0SB = 

(3) cosc = 



sin a sin c ^ 
cos c — cos a cos i 



M. 



sin a sin 6 



FromB, 



,- V cos A + cos B cos c 

(1) cos a = -, : : 

^ ' smBsmC 

cos B + cos A cos c . 



(2) cosS = 

(3) cosc = 



smA smc 

cos C + cos A cos B 

sin A sin B 



hB'- 



146. JProp. — FormulcB A', and B', adapted to logarithmic com-- 
putation^ iecome^ 



(1) sin^A 



^ /smTJ 



s — b) sin (^5 — c) . 
sin b sin c 



(2)smiB-j/ sinasinc? 

(3) sinic = j/ sinasin* * 



A''. 
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And 



(1) sinia=i/- 
(2)8iniJ = j/- 



C08 jS COS (jS — A ) 

sin B sin c 

cos ^S cos (js — B ) 
sin A sin C 



(3) sin 



mic = ^- 



cos |S COS (jS — c ) 
sin A sin B 



y B". 



Dem.— Subtracting each member of (1) A' from 1, we have, 

cos a — cos b COS c cos b cos c + sin J sin r — cos a ' 



1 — cos A =1 — • 



sin 5 sin 6 



sin b sin c 



ft • • 1 A cos lb — C) — cos a , ^ . « . • , a /^e% ^\ 

,\ 2sm* iA = — , ^ , , smce 1 — cos A = 2sm* iA (62,5), 

Bin sm c 

and cos ft cos e + sin ft sin c = cos (ft — c) (55, D). 

Now letting y = ft — c, and a? = a, we see from (59, D') that cos (ft — c) 
— cosa = 2 sin i(a + ft — <?) sin i(a + « — ft). 

Hence. 2 8in« JA = gsin^g + ft-.)sin4(a + <» -» 

sm ft sm c 



or, 



smj A = >i/g^*(^ + ft-^c)sini(a + c ~ ft) 
V smftsmc 



smft smc 
Finally, putting « = a + ft + c, whence l(a + ft — c) = i« — c, 

and i(« + « — ^) = i» - ^ 

we have. 



sin 



iA = / 



sin (jg — ft) sin {js — c) 



sin ft sin c 

In like manner, (2) and (3) of set A' reduce to (2) and (3) of set A". 
Again, subtracting each member of (1) set B', from 1, we have, 

cos A + cos B cos C sin B sin C — cos B cos C — cos A 
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1— cosa = l — 



sin B sin C 



sin B sin C 



• 2ain* ig — "" ^^ (^ "^ ^^ "" ^^^ ^ — - ^^^ (B + C) + cos A 
sin B sin C sin B sin C 

^ 2coaKA -f B + C) cx>8i(B -f C -f A) 
sin B sin C 



GENERAL FOBMIJL^ 99 

Now putting S = A + B + C, whence i(B + C — A) = JS — A, we have» 

r Bin B sm C 

In the same manner, (2) and (3) of B" are deduced from (2) and (3) orB . 

147 • Cob. 1. — Passing to the polar triangle^ A" and B" become 

— A /cos (^S — b) cos (^S — C). 



(1) cosia= j/- 



8in B sm C 



— A)cos(^S -C) , 
sin A sin C 



And 



/■<\ ^ . /sin is sin(4« — a) 

(1) cosiA = 4/ — . . . ; 

_ ^ * 1/ sin * sm c 

(2)C08iB=/j/ 

(3) cos tc = a/- 



B" 



— A / sin^^sin(^.? — &) ^ 
sin a sin c ' 

8m^gsin(^g — g) . 
sin a sin ^ 



1480 ScH. — Pormulfie A'" and B'" can be obtained directly from A and 
B, in a manner altogether similar to that in which A" and B" were deduced, by 
adding each member of the equations in sets A and B to 1, instead of subtract- 
ing, and observing that 1 + cosaj = 2 cos* ix, 

149. Cor. 2. — Dividing theformulm of set A" lythe correspond- 
ing ones of set A'" ; andy in a similar manner ^ those of B'" by 

*7 ^T»// J? ^^. ./sin(i5 — a) 8in(4«— 5) sin (l5 — c) , 
those ofB'\ and putting y — ^-^ ^ >^ — ^^ ^ = h 

sm yrS 

and |/co«(iS-A)cos(is--B)coB(iS-C) ^ ^^^ ^ 
^ — COS is 



(1) taniA = 



_ / sin {\s 
i/ sin 



— b) sin {^s — c) 
is sin (is — a) 



^ ' ^ 1/ Sin |5 sm (is — 



j? — c) 



Bin(|«— a)' 
sin (|s-5)' 



/•^\ +o« 1/^ _ i / sin (i« - «) Bin (js - ») _ ^ 

tij> tan ic - |/ gjj^ ^^ gjj^ (i« - c) ~ sin (is - c)- 



"A" 
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(1) coiia = 



=Y^ 



(is - B) COS (jS - C) . 



C0StSC08(^S — a) 



COS (is — A) ' 
K 



(2\ OoiXh" A AQ8(iS-A)C0S(iS-C) _ 

f,<) COl t^ - y _ ^^g ^g ^^g ^^g - B) "" COS (is - B) ' 



(3) cot 



l.=l/ 



COS (is — A) COS {js ~ B) _ 



COS is COS (is — C) COS (is — C). 



B-^ 



ScH. — In fheaeformtU(B k is the tangent of the arc with which the inscribed 
circle is described, and K is the cotangent of the arc with which the circuin- 





FiG. 68. 



Fjb. 60. 



scribed circle is described. Thus, usmg the common notation, we have In 
Mg. 68, AD = AD' = is — a, and angle PAD = iA; whence 

tan PD 



sin AD = cot PAD x tan PD = 



tan PAD' 



ifvn PD 2* 

or tan iA = .^"^"^ ^ = -—rf ^,, [(1) A'^]. .', k = tan PD. 

sm (i« - a) sin (is — ay "-^ ' ^ 

From Mg. 09, we have, AD = ic, and angle PAD = JS — C. 
Hence, cos (iS - C) = cot AP x tanjc, or tan 4c = ^^ f ^p ^^ ' 



or cot 4c = 



cot AP 



cos(iS - q-cosCJS — C) 



, [(3)B'^]. .-. K = cot.AP. 



GAUSS'S EQUATIONS. 
ISO* Frob. — To deduce Gauss's Equations, which are 
sill i(A + b) _ cosi(a — b) , 



(1) 

(2) 



cosier cosic ' 

sin i(A — B) __ sini(a — i) ^ 

cosic " sinic ' 



J 
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. C08i(A+B) ^ cosi{a + b) . 
^ ^ sin^C cosi^ ' 

(4\ cosi(A— B) _ Bin jr(g + i) 

Solution.— From A, page 25, we have, 

sin (iA + iB), or sin i(A + B) = sin JA cos iB + cos iA sin iB. 
Snbstitndng in the second member the values of sin ^A, cos ^B, cos ^A, and 
sin iB , from A" and A'", there results, 



sm4(A + B) = ^^^ ^^* " ^^ i^ ^^^ ^ ^^^ ^^ " ^^ + sin (jg - a) /sin js s\n(is — C) 
' sin ^ r sin a sin 6 sin c r sin a sin b 

_ sin (jg -- ^) + sin (jg— a) ^ sin jg sin {^ - e ) g^ 

sine r sin a sin 6 * ^ ^' ^' 

^ s\n (ja - 5) + sin (jg - a) ^^ 

sin fl * ' 

But sin (J« — Q + sin (1« — a) = sin (ia + i* + }<J — &) + sin (i<j + ^ft + ic — «) 

= sin lie + i(a — b)] + sin [i« — i(a — b)] 
= 2 sin i<j cos i(a - b). (59, A'). 

Also, sin (3 = 2sin \e cos \c. 

Substituting these values, the preceding becomes, 

• 1/A B\ 2 sin i<j cos ^a — J) ,^ 

Sm i(A + B) = c^'^^ ^ COS ^ • 

' 2 sm \c cos ^ ■ 

. sin KA -f B) _ cos K^ ~ ^) .. 
cos iC "" cos ^ • V ; 

In like manner starting with 

sin (iA - iB ), or sin i(A — B) = sin iA cos iB — cos iA sin iB, 

^, ,^ sin i(A — B) sin Ua — b) ,^^ 

there results, '^ -^ — - = — r^— ; • (2) 

' cos iC sm i<j ^ ' 

Startmg with cos (iA + iB), or cos i(A + B) =r cos iA cos iB — sin iA sin ^B, 

there resnlte, cob KA ^ B) ^ cosj(« +J (3) 

sm iC cos i<J ^ ' 

Startmg with cos (iA — iB), or cos ^(A — B) = cos iA cos JB + sin iA sin ift 

there resnlts. cos KA - B) ^ sini(a ^lA) ^^) 

^ sm 4C sm ic ^ ' 
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NAPIER'S ANALOGIES. 
15 !• Proh. — To deduce Napier^ s Analogies, which are 



(1) 
(^) 
(3) 



tan ^(A + b) __ cos i{a - b) , 
cot ^c " cos i{a + b) ' 

tan j^(A — B) _ sin i{a ~ b) ^ 
cot ic "" sin ^{a + b) ' 

tan i{a -f b) _ cos ^(a — b) . 
tan ^c ~" co8^(a + B)' 

tan i{^—b) __ sin ^(A — b) 
tan 1^ ""sin i(A + b)* 



Solution.— To deduce (1), divide the 1st of Gauas's Equations by the 3d. 
To deduce (2), divide the 2d of Gauss's by the 4th. To deduce (3^, divide the 4th 
of Gauss's by the 3d. To deduce (4), divide the 2d of Gauss's by the Ist 

152. ScH.— In using these formulsB the species must be carefully attended 
to. Thus in (1), cot JC and cos Ha — b) are necessarily + ; hence tan i(A + B) 
and cos ^(a + b) are of the same sign with each other. In (2), cot iC and 
sin i{a + b) are both + ; hence, tan i(A — B) and sin i(a — b) are of the same 
sign with each other. And similar inspections may be made upon (3) and (4). 



EXERCISES. 

1S3» The proposition that " The sines of the angles are to each 
other as the sines of their opposite sides" {135), Napier's Analogies 
(151), and formulae A*^, B*"" (1^9) are sufficient, in themselves, to 
effect the solution of all cases of oblique spherical triangles; and 
for practical purposes they generally require less labor than Napier's 
Rules. We give a few solutions and refer the student to the jire- 
ceding Exercises for further practice. 

1. Given a = 100°; c = 5° and b = 10°, to solve the triangle. 
{Prob. 1, Case 1st, 137.) 

1st. To find A and B we have, 

cos K^ + ^) •• cos i(a — d) : : cot JC : tan i(A + B) ; 
and sm i(a + b) : sin i(a - 6) : : cot iC : tan i(A - B) [150 (I) (2)] 
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Computing by logarithms, we have, 

ar. CO. log cos [Ka + b) = 55"] = 0.341409 
+ log cos [i(a ^b) = 45*1 = 9.849485 
+ logcot[iC = a'*30'l = 11.859907 

Rejecting 10 = 11.450801 = log tan KA + B). 

.\ -KA + B> = 87° 58' 18". 
ar.co.log8in[Ka + 5)=:55°]= 0.066035 
+ log sin [Ka - 6) = 46°] = 9.849485 
+ log cot [iC = r 80'] = 11.859907 . 

Rejecting 10 = 11.296027 = log tan KA - B). 

/. i(A - B) = 87° 06' 16" 

The signs of all the terms being +, KA,+ 6) and KA — B) are both less 
than 90°. 

KA + B) + KA - B) = A = 87° 58' 18" + 87' 06' 16" = 175° 04' 84" 
KA + B) - KA - B) = B = 87° 58' 18" - 87° 06' 16" = 0° 52' 02''. 

2d. To find c. This may be found from the proportion, 
sm A : sm C : : sin a : sin <\ 
or from the 8d or 4th of Napier's Analogies. We use the last, though the first 
is equally expeditious. 

sin KA — B) : sin KA + B) : : tanK^ — &) : tan ^e. 

ar. CO. log sm [KA - B) = 87° 06' 16"] = 0.000555 
+ log sm [KA + B) = 87° 58' 18"] = 9.999728 
+ log tan [Ka - *) = 45°] = 10.000000 

Rejectmg 10 = 10.000283 = log tan ie. 

.-. <5 = 90° 02' 14". 

2. Given A = 135° 05' 28"-6, C = 50° 30' 08".6, and b = 69° 34' 
56".2, to solve the triangle. 

1st To find a and e. The Sd and 4th of Napier's Analogies give, 
cosKA + C) : cosKA — C) : : tani& : tanK^ + c)i 
and shi KA + C) : sin KA * C) : : tan i6 : tan K<^ — e). 

Computing by logarithms, we have 

ar. CO. log COB [KA + C) = 92° 47' 48".6] = 1.3116286 * 
+ log cos [KA - C) = 42° 17' 40 '] = 9.8690585 
+ log tan [id =84° 47' 28".l] = 9.8418527 

Rejecting 10 = 11.0225348 = log tan K^ + c)- 
,.. ^a-te) = 95° 25' 25". 
K« + c) > 90°, since cos KA + C) is -, cos KA - C) is + , and tan i6 is +, 
making tan K« + c) — . 

* These logarithms arc taken fh>m 7-place tables, in order to obtain the tenths of secondH 
accnrately. 
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ar. CO. log sin [KA + C) = 92° 47' 48".6] = 0.0005176 
+ log sin [KA - C) = 42° 17' 40" ] = 9.8279768 
+ log tan [ib = 84° 47' 28".l] = 9.8418527 

Rejecting 10 = 9.6703471 = log tan i(a - e). 

.'. Ka - c) = 26° 05' 05". 

i(a — c) < 90°, since the signs of the terms are all +. ^ 
Ka + c) + i(a - c) = a = 120° 80' 30", and Ka + c)— i(«-- c) = c = 70°20'20". 

2d. To find B. Either of the Ist two of Napier's Analogies will give B. 
Thus (1) becomes, 

cos ^a^ e) : cos i(a + c) : : tan i(A + C) : cot iB ; 
and (2) sin i{a ^ c) : sin K^ + c) : : tan ^A — C) : cot ^B- 

But Bs Ha + c) is so near 90°, it will be better to use the second of these 
than the first Or we may with equal accuracy use, 

sin 6 : sin 5 : : sin C : sin B. 

ar. CO. log sm (c = 70° 20' 20" ) = 0.0260878 
+ log sin (b - 69° 34' 56".2) = 9.9718202 
+ log sm (C = 50° 30' 08".6) = 9.887421 

Rejecting 10 = 9.8853290= log shi B. .-. B = 50° 10' 10". 

3. Given a = 50° 45' 20", * = 69^ 12' 40", and A = 44° 22' 10", 
to solve the triangle. 



1st To find B. 



sin a ! sin ^ i * sin A * sin B. 



ar. CO. log sin {a = 50° 45' 20'') = 0.1110044 

+ log sin {b = 69° 12' 40") = 9.9707626 

+ log sm (A = 44° 22' 10") = 9.8446525 

Rejecting 10 = 9.9264195 = log sfai B. .-. B = 57° 84' 51".4, 
and 122° 25' 08".6. There are two solutions, since a is intermediate in value 
between j) and both b and 180° — b* 




* The determination of the epecies of B* or what la 
the Bame thing, the nomber of Bolutione, can asoally be 
elTected by a eimple inspection without any computa- 
tion whatever. Thne, Bin p = Bind sin At the loga- 
rithms of which are given above, as is log sin a. Now, 
as both a and p are < 90<*, and log sin p < log sin a^ 
p <,a, Bnt a <6, and aldo leBs than 180° — &. All 
this can be seen at a glance. 
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To find C and c of the larger triangle in which B = 57** 34' 51".4 

Napier*8 Ist gives 

ar.co; log cos [«&-«)= r IB' 40"] = 0.0056570 
+ log cos [i(b + a) = 5r 59'] = 9.6991887 

+ log tan [i(B + A) = 60° 68' 30".7] = 10.0912464 

Rejecting 10 = 9.7960921 = log cot iC 

.-. C = 115° 57' 60". 7. 

Napier's 8d gives 
. ar. CO. log cos [KB - A) = 6° 36' 20".7] = 0.0028928 
+ log cos [KB + A) = 50° 68' 30".7] = 9.7991039 
+ log tan [Kft + a) = 59° 59'J = 10.2382689 

Rejecting 10 = 10.0402656 = log tan ic. 

. .-. 6 = 95° 18' 16".4, 

8d. To find C and c of the smaller triangle in which B =122* 26' 08".6. 
Using the same farmuUs as before. 

ar. CO. log cos [Ub - a) = 9° 13' 40"] = 0.0056570 
+ log cos \W> + a) = 59° 59'] = 9.6991887 

+ log tan [KB + A) = 83! 23' 39".3] = 10.93627 03 

Rejecting 10 = 10.6411160 = log cot iC 

.-. C = 25° 44' 31".6. 

ar. CO. log cos [KB - A) = 39° 01' 29".3] = 0.1096506 
+ log cos [KB + A) = 83° 23' 39".3] = 9.0608369 
+ log tan W> + a) = 59° 59'] = 10.2382689 

Rejectmg 10 = 9.4087564 = log tan ie. 

.-. c = 28° 45' 05".2. 

154. ScH. — When Napier's Analogies are used for solving Pro6.27M? (159), the 
most expeditious and elegant method of resolving the ambiguity, is by means 
of the analogies themselves. Thus, in the above example, after having found 
thatB = 57° 34' 51".4, or 122° 25' 08".6, or both, a simple mspection of the anal- 
ogy next used will determine the number of solutions. 

Napier's Ist may be written 

Now iC < 90°, hence cot iC is +. If, therefore, neither of the values of 
B renders cot iC —, there are ttoo solutions. If one value renders cot^C +, 
and the other — , there is one solution and it corresponds to the value of B 
which makes cot iC +. If both values of B render cot iC — , there is no solu- 
tion. In the last example, we see that cos [K& + a) = 59° 59*], and cos [K^ — a) 
= 9° 13' 40"] are botii + . Also tan [KB + A) = 50° 58' 30".7, or 83° 23' 39".8, 
or both] is + for both values of B. TTherefore there are itoo solutions. 
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4. Given A = 95° 16', B = 80° 42' 10", and a = 57^ aS', to solve 
the triangle. 

1st To find hf sin A : sin B : : sin a : sin b. 

ar. CO. log sin (A = 95° 16') = 0.001837 
+ log sin (B = 80** 42' 10") = 9.994357 
+ log sin {a = 57° 38') = 9.936671 

Rejecting 10 = 9.933765 = log sin b. 

•. 5 = 56° 49' 57", or 133* 10' 03", or both. 

2d. To find (r, tan ic = ^^f,^ "^ ^1 tan i(a + 5). Now for b = 56° 49' 57", 
' ' cos i{A — B> *^ ' 

tan i« is + ; but for ^ =r 133° 10' 08" tan i<j is — ; hence there is but one solu- 
tion, and that corresponds to the smaller value of 5. 

ar. CO. log cos [KA - B) = 7° 16' 55"] = 0.008517 
+ log cos [KA + B) = 87° 59' 05"] = 8.546134 
+ log tan [Ha + b) = 57° 13' 58"] = 10.191353 

Rejecting 10 = 8.740993 = log tan ie. 

.-. c = 6°18'ir. 

3d. To find C, we may use (1) or (3) of Napier's Analogies, or 
sin a : sin c : : sin A : sin C, 
the last of whicn is the most expeditious. 

ar. CO. log sm (a = 57° 380 = 0.073339 
+ log sin (c = 6° 18' 19'T = 9.040705 
+ log sin (A = 95° 16') = 9.998163 

Rejecting 10 = 9.113197 = log sm C .-. C = 7° 36' 22' 
This value is taken for C instead of its supplement, since C is opposite the 
smallest side c, 

5. Given a = 70° 14' 20", i = 49° 24' 10", and c = 38° 46' 10"; to 
solve the triangle* 



COMPUTATIOK. 

a = 70° 14' 30" 
b = 49° 34' 10' 
e = 38° 46' 10" 
8 = 158° 34' 40" 

i« = 79° 13' 30" ar. co. log sin = 0.007753 
is- a = 8° 58' 00" " " = 9.193734 

^- b = 39° 48' 10': " " = 9.696370 

i« - c = 40° 36' 10" " " = 9.811977 

3) 18.708834 
/. logA;= 9.354417 
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log tan iA = log A; - log sin (i« - a) + 10 = 10.161683. .'. A = 110'' 51 16". 
log tan iB = log A; - log sin (^ - J) + 10 = 9.658047. .-. B = 48* 56' 04". 
log tan iC = log A; - log sin (^ - c) + 10 = 9.542440. .-. C = 38° 26' 48". 

6. Given a = 109° 55' 42", b = 116°38'33",andC = 120°43' 37", 
to solve the ilriangle. 

COMPUTATIOK. 

A = 109' 65' 42" 
B = 116° 38' 33" 
C = 120° 43' 37' ' 
S t= 347° 17' 52" 

iS = 173° 88' 56" ar. co. log cos = 0.002683 
iS-A= 63° 43' 14" " " = 9.646158 

iS - B = 57° 00' 23" ** " = 9.736035 

iS - C = 52° 55' 19" " " = 9. 780247 

2)1 9.165123 
.-. log K = 9.582561 

log cot ia = log K - log cos (iS - A) + 10 = 9.936408. .-. a = 98° 21' 88". 
log cot i* = log K - log cos (iS - B) + 10 = 9.846526. .'. b = 109° 50' 20". 
log cot i<j = log K - log cos (iS - C) + 10 = 9.802814 .-. c = 115° 18' 28". 

ScH. l.—The student can use the exercises in the preceding section to famil- 
iarize the methods here given. In doing so, it will be well for him to seek the 
most expeditious solutions. He will find that 

Examples under Pbob. 1 require 11 logarithms by Napier's Analogies and 
(18S), and 12 logarithms by Napier's Rules and {135), 

Examples under Prob. 2, when there is but one solution, require 10 loga- 
rithms by Napier's Analogies and {IBS), and 12 logarithms by Napier's Rules 
and(jf55). When there are two solutions, 15 logarithms are required by 
Napier's Analogies and (i3^)> and only 14 by Napier's Rules alone, or by these 
rules and (135), 

Examples under Prob. 3 require but 7 logarithms by the method given in this 
section and 13 by the previous method. 

ScH. 2. — In cases in which the angles or sides are near the limits 0°, 90°, or 
180°, so that the functions used in the particular solution change very rapidly 
in proportion to the arc, it is often possible to select one among the sevei-al 
methods which will give more accurate results than the others. There are 
also other methods which are better adapted to such cases than those here 
given. For these, as well as for much other interesting matter, and especially 
for the discussion of the General Spherical Triangle, American students have an 
excellent resource in the treatise of Professor Chauvenet of Washington Univer- 
sity, St Louis. 
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SECTION IV. 

AEEA OF SPHERICAL TRIANGLES. 

155* Prob. — Having the angles of a spherical triangle given, to 
find the area. 

Solution.— [The solution is given in Part II. {61^^ and we simply re- 
produce the result in order to give completeness to this section.] The area is 
equal to the ratio of the spherical excess to 90°, or i;r, into the trirectangular tri- 
angle. That is, letting the sum of the angles be S°, the area K, and the radius of 
the sphere 1, "whence the area of the trii-ectangular triangle is |;r, we have 

K = ^^"^ X ijr = S - ;r. 

In the latter expression S is the sum of the angles in terms of the radius, t. «., 
^ = WrmW ^" ^PP^^i^ately, S = g|l (9). 



EXERCISES. 

1. What is the area of a spherical triangle whose angles are 100°, 
58°, and 62°, on a sphere whose diameter is 6 feet? 

220° 
Solution. K = S — ;r = r=^o — 3.14159 = .698, the area of a similar tri- 

angle on a sphere whose radius is 1. Hence, the area of the required triangle 
is .698 X 3* = 6.282. [The method given in Part II. ifilS) is more expedi- 
tious, but it is our purpose to illustrate the form here given.] 

2. What is the area of a spherical triangle whose angles are 170°, 
135°, and 115°, on a sphere whose radius is 10 feet? 

Ans. 418.875 square feet. 

3. What is the area of a spherical triangle whose angles are 150°, 
110°, and 60°, on a sphere whose radius is 3 feet ? 



156* Prohm — Having the sides of a spherical triangle given, to 
find the area. 

Solution. — The angles may be found by {14:8\ and then the area by {155). 



I 
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But a more direct method is to find the spherical excess by means of LhuU- 
lier's formula, which we will now produce. 

^K = i(A + B + C - ;r) 

Whence tan ^K = tan i[A + B + C - ;r] = tan [i(A + B) - ^(;r - C)] 

_ sin i(A -h B) - sin iJTt — C) 

"" cos KA + B) + cos i(7C — C) ' (7, page 31] 

__ sin KA + B) — cos jC 
"" cos i(A~^^ B) + sui iC 

^ [COS Ka- ft) -cos jo] COS iC 

[cos Ha + b) + cos ic] sm iC \ 9 j 



cos Kfl^ — 5) — cos ^ / sm i8 sin (jg — c) .^-^ ^-^ 

cos Ka + *) + cos i<J r sin {i« - a) sin {^ - 6) ^ ' ^^ 



__ sin i(g + g - ^) sin i{b + e - a) / sin ja sin (jg - c) ^, ^^ 

cos i(a + 6 + c) cos ^(a + 6 — c) r sm (i« — a) sm {i« — d) ^ * ' 

, /sin* Ki^ - ^>) sin^ i{¥ - o) sin ^8 sin (jg - c) , ^ ^ a . ^\ 

= 4/ — TT « Tn 'x— : — r; r-^ — t; it" (as « = a + 6 + c) 

r cos' i« cos* i(i« — c) sm {i« — a) sm {i« — i) 

— i / sin* Ui^ — b) sin* i(^ ~ a) sin ^^ cos U sin ^(^8 — c) cos ^^g -^j >^^ 
~" Y cos* i« cos* ids—c) sin i(i«— a) cos i(i«— «) sin His—b) cos i{i«— d) 



.-. Tan iK =* y^tan ^ tan i{i« - a) tan Ki* - *) ton Ki* - c), (A) 

Having found K, the spherical excess, or what is the same thing, the area of 
a similar triangle on a sphere whose radius is 1, we have but to multiply K by 
the square of the radius in any given case. 



EXERCISES. 

1. Given a = 98% i = 110% and c = 115°, to find the area of a 
spherical triangle, on a sphere whose radius is 4000 miles. 

COMPUTATION. 

log tan (is = 80° 45') = 10.788185 

+ log tan [(i«-ia) = 31° 45'] = 9.791563 

+ log tan [iis-ib) = 25° 45'] = 9.683356 

+ log tan [(is-ic) = 23° 15'] = 9.633098 

2) 39.896202 
Rejecting 10 = 9.948101 = log tan JK . .-. K =166° 20' 20" 

* The + is always taken ; otherwise, iK being > 90«, K would be t> 860<» which is impoB- 
elble. (Part HI., 256). 
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Whence area = 15?!^^" . ^^r {4000)« = ^^ . i^r (4000)« = 46,450,440, 
nearly. 

2. Given a = 70° 14' 20", b = 49° 24' 10", and c = 38° 46' 10", to 
find the area of a spherical triangle on a sphere whose diameter is 8 
feet ' -Ans. 5.1, nearly. 



15 7 • Frob' — Having two sides and their included angle given 
in a spherical triangle, to find the area. 

Solution.— Compute the other two angles by Napier's Analogies, and find 

rm^ 1. 1 . , IX cot i« cot i* + cos C . 
the area from the angles. [The formula cot \K = 7-^ gives 

the spherical excess in terms of two sides and their included angle ; but it is of 
no practical value for findmg the area, as it is not adapted to logarithmic compu- 
tation. For the manner of producing it and several other forms for K, see 
Todhunter's Spherical Trigonometry, (103)], 



PRACTICAL APPLICATIONS. 

[Note.— The three following problems are given merely to indicate to the 
student some departments of investigation in which Spherical Trigonometry is 
of essential service. The two sciences to which this branch of Pure Mathe- 
matics is indispensable, are Geodesy, or the mathematical measurement of the 
earth, and Astronomy.] 

JProh. 1. — To find the shortest distance on the eartVs surface be- 
JP tween two points whose latitudes and longi- 

tudes are Jcnoion, 

Sug's.— The shortest distance on the surface be- 
tween two points is the arc of a great circle joining 
the points. Hence, the Problem is : Given two sides 
(the co-latitudes) and the included angle (the diflPer- 
ence in longitude), to find the third side. 

Pig. 71. Ex. 1. Berlin is situated in Lat. 52° 31' 

13" N., Lon. 13° 23' 52" E., and Alexandria^ Egypt, in Lat 31° 13' 
N., Lon. 29° 55' E. What is the shortest distance in miles on the 
earth^s surface between them, the earth being considered a sphere 
whose radius is 3962 miles ? 

Ans. 1691.96 miles. 




PBACnOAL APPLICATIONS. 



Ill 



Ex. 2. A ship starts from Valparaiso, Chili, Lai33° 02' S., Lon. 71*^ 
43' W., and sails on the arc of a great circle in a northwesterly direc- 
tion 3840 miles, when her longitude is found to be 120° W. What 
is her latitude ? Ans. 52' 48" S. 

Ex. 3. A ship starts from Eio Janeiro, Brazil, Lat 22° 54' S., Lon. 
42° 45' W., and sails in a northeasterly direction on the arc of a great 
circle 62444 miles, when her latitude is found to be 50° N. What is 
her longitude ? Ans. 2° 01' 14" W. 




Prob. 2. — To find the time of day from the altitude of the sun. 

SuG*8.— Let NESQ represent the projection of the concave of the heavens 
upon the plane of the meridian of observation. ^ 

The equator of this concave sphere is simply the 
intersection of the plane of the earth*s equator with 
this imaginary concave sphere, and its axis is the 
prolongation of the earth's axis, the poles being 
the points N and S where the axis pierces the 
imaginary concave. EQ is the projection of this 
celestial equator, NS the axis or the projection of 
a great circle perpendicular to the meridian of the 
observer (NESQ) and to the equator, HO the projec- 
tion of the horizon, and ZZ' the projection of the 
prime vertical (that is, a great circle of the heavens 
passing through the zenith of the observer and the east and west points ui his 
horizon). 

Now let S' be the place of the sun at the time of observation. RS', the sun's 
declination, is known from the almanac ; LS', the sun's altitude, is measured 
with the sextant (or other instrument) ; and EZ is the latitude of the observer. 
Hence, in the spherical triaXigle ZN^S^e know the three sides, viz., NS' = the 
co-declination of the sun, zff = the co-altitude of the sun, and ZN = the co- 
latitude of the observer. We may therefore compute the angle ZNS', which 
reduced to time gives the time before or after noon as the case may be. 

Ex. 1. On April 21st the master of a ship at sea in latitude 39° 
06' 20" N., observed the altitude of the sun's centre at a certain time 
in the forenoon and found it to be 30° 10' 40", and looking in the 
almanac found the sun's declination at that time to be 12° 03' 10" 
N. What was the time of day ? 

COMPUTATION, 

a. c. log sm 94'' 19' 55'' = 0.001242 

a. c. log sin 84° 30' 85" = 0.246765 

log sm 16' 23' 05" = 9.450381 

log sm 48' 26' 15" = 9.837312 



90'- 80" 10' 40" = 
90' - 12° 03' 10" = 
90» — 39° 06' 20" = 



59' 49' 20" 
77° 56' 50" 
50° 53' 40" 
2 )188° 89' 50' 
94° 19' 55" 



log tan 80° J 



2) 19.535700 
3'08".8= 9.767850 
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Therefore i the hour angle NNS' = 30° 22' 03" .3, and the hour angle is 60** 
44' 07". This reduced to time at 4 minutes to a degree, gives 4 h. 2 m. 66 s. be- 
fore noon, or 7 h. 67 m. 4 s. a. m. 

Ex. 2. In latitude 40° 21' K, when the declination of the sun is 
3° 20' S., and its altitude 36° 12', what is the time of day ? 

Ans. 9 b. 42 m. 40 s. A« K. 

Ex. 3. In latitude 21° 02' S., when the sun's declination was 18° 
32' N"., and the altitude in the afternoon 40° 08', what was the time 
of day? Am. 2 h. 3 m. 57" p. m. 




JProb. 3.— To find the time of sunrising and sunsetting at any 
given place on a given day. 

SuG*8.— -The projection being the same as before, let M'RS'M represent the ap- 
parent diurnal path of the sun. Since S'M is described in 6 hours, the time taken 

to describe RS' is the time before 6 o'clock, at 
which the sun rises, i. e.y passes the horizon HO. 
But the time requisite to describe RS', is the same 
part of 24 hours (860° angulai* measure) that the 
angle CNL (= arc CL) is of 360°. Hence, the arc 
CL, in time, is the time before 6 o'clock at which 
the sun rises. In a similar manner, C/, in time, 
is seen to be the iXmQ after 6 o'clock when the sun 
is south of the equator. The solution of the prob- 
lem, therefore, consists in finding CL. Now, in 
the triangle RLC, right angled at L, LR = the 
sun's declination at the time, and angle RCL = ECH = the co-latitude of the 
place.* Prom these data CL is readily found. 

Ex.l. Eequired the time of sunrise at latitude 42° 33' K, when 
the sun's declination is 13° 28' N. 

COMPUTATIOiq". 

cot 47° 27' = 9.962813 

tan 18° 28' = 9.379289 

sin 12° 41' 62" = 9.342052 
(12' 41' 52") X 4 gives the time before 6 o'clock as 50' 47". .•. The sun rises at 
5h. 09 m. 13 s. 

* This may be seen thus : Suppose a pereon to etart flxmi the equator at E and travel 
north. When he is at E, the south point of his horizon (H) is at S ; and for every degree he 
goes north, the south pole (S) sinks a degree below his horizon. Hence, HCS =< his latitude, 
And ECH = co-latitude. 



PBAOnOAL APPUOATIONS. 113 

Ex. 2. Eequired the time of sunrise at latitude 57° 02' 54" N., 
when the sun's declination is 23° 28' N. 

8vm rises at 3 h. 11 m. 49 s. 

Ex. 3. How long is the sun above the horizon in latitude 58° 12' 
N., when the sun's dechnation is 18° 41' S., that is about January 
25th ? Ans. 7 h. 35 m. 36 s. 

Ex. 4. What is the length of the longest day at Ann Arbor, Mich., 
Lafc. 42° 16' 48".3, the sun's greatest declination bemg 23° 27' ? 

Ans. 15 h. 05 m. 50 s. 

[Note. — ^In such problems as the foregoing, several small corrections have to 
be made in order to entire accuracy, such, for example, as that for refraction in 
taking the altitude, and for the time required for the sun's disk to pass the hori- 
zon. But they would be out of place here. 1 

8 



THE END. 



INTRODUCTION 



TO THE 



TABLE OF LOGARITHMS. 



[Note. — If the student understands the nature and use of logarithms so as to 
be able to use the common tables, it will not be necessary that he should read 
this introduction. Otherwise a careful study of it will be needfUl before reading 
Section 4 of the Plane Trigonometry.] 

1. A Logarithm is the exponent by which a fixed number is 
to be affected in order to produce any required number. The fixed 
number is called the Base of the System. 

Ill, Let the Base be 3 : then the logarithm of 9 is 2 ; of 27, 3 ; of 81, 4 ; ol 
19623, 9 ; for 3« = 9 ; 8» = 27 ; 3* = 81 ; and 3» = 19683. Again, if 64 is the 

base, the logarithm of 8 is i, or .5, since 64 , or 64* = 8 ; t. e., i, or .5 is the 
exponent by which 64, the base, is to be affected in order to produce the num- 
ber 8. So also, 64 being the base, J, or .833 + , is the logarithm of 4, since 64 , or 
54.333 + =: 4. ^. e.^ i, or .333 +, is the exponent by which 64, the base, is to be 

affected in order to produce the number 4. Once more, since 64 , or 64 *** + = 

16, I, or .666 +,is the logarithm of 16, if the base is 64 Finally, 64 or 
64— • = I, or .125; hence — i, or — .6, is the logarithm of |, or .125, when the 
base is 64 In like manner, with the same base, — J, or — .333 + , is the loga- 
rithm of ^, or .25. 

EXAMPLES. 

1. If 2 is the base what is the logarithm of 4? of 8? of 32? of 
128? of 1024? 

Solution. 7 is the logarithm of 128, if 2 is the base, since 7 is the exponent 
by which 2 is to be affected in order to produce the number 128. 

2. If 5 is the base, what is the logarithm of 625 ? of 15625 ? of 
125? of 25? 
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3. If 10 is the base, what is the logarithm of 100 ? of 1000 ? of 
10,000? of 10,000,000 ? 

4. If 2 is the base, what is the logarithm of i, or . 25 ? of |, or .125 ? 
of ^, or .03125 ? A7i8. to the last, - 5. 

5. If 8 is the base, of what number is f , or .666 + the logarithm ? 
of what number is -J, or 1.333 +, the logarithm ? of what number is 
2 the logarithm ? of what number is 2^, or 2.333 + ? of what num- 
ber 3f , or 3.666 + ? Ans. to the last, 2048. 

ScH. Since any number with for its exponent is 1, the logarithm of 1 is 
in all systems. Thus 10* = 1, whence is the logarithm of 1, in a system in 
which the base is 10. 



2. A System of Logarith'ins is a scheme by which all num- 
bers can be represented, either exactly or approximately, by expo- 
nents by which a fixed number (the base) can be affected. 

3. There are Two Systems of Logarithms in common use, called, 
respectively, the Briggean or Common System, and the Napierian 
or Hyperbolic System. The base of the former is 10, and of the 
latter 2.71828 -f. In speaking of logarithms of numbers, the com- 
mon logarithm is always signified, if no specification is made. 

4. The logarithms of all numbei's, except the exact powers of the 
base, indicate a power of a root, and are consequently fractional and 
usually only approximations. It is customary to write them in the 
form of decimal fractions. The integral part is called the Char*-' 
acteristiCj and the fractional part the Mantissa. The charac- 
teristic can always be told by a simple inspection of the number 
itself; hence only the mantissa is commonly giyen in the table. 



S. Prop. — The characteristic of the common logarithm of any 
number greater than unity, is one less than the number of integral 
figures in the given number. 

III. The logarithm of 4685 is more than 3, because 10* = 1000, and less than. 
4, because 10* = 10,000 ; hence it is 3 + a fraction. The same method may be 
pursued to determine the characteristic of the logarithm of any other ;iumber 
greater than unity, and the truth of the proposition be observed. Thus the 
logarithm of 25645.827 is 4, since the number lies between the 4th and 5th 
powei-s of the base, 10. 



6. Fvop. — Tlie mantissa of a decimal fraction, or of a mia^d 
number, is the same as the mantissa of the number considered as 
integrah 
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Dem. Suppose it is known log 2845672 = 6.454185. This means that 
l()».«6«n» _. 2845672. Dividing by 10 successively, we have 

10»-""»» = 284567.2, or log 284567.2* = 5.454185, 

10«.""i» = 28456.72, or log 28456.72 = 4.454185, 
10»"*"» = 2845.672, or log 2845.672 = 3.454185, 
10' •*»*••• = 284.5672, or log 284.5672 = 2.454185, 
10»««»«» = 28.45672, or log 28.45672 = 1.454185, 
10».""«» = 2.845672, or log 2.845672 = 0.454185. 

Now if we continue the operation of division, only writing 0.454185 — 1, 
1.454185, meaning by this that the characteiistic is negative and the mantissa 
positive, and the subtraction not performed, wc have * 

10~"«»» = 0.2845672, or log 0.2845672 = T.454185, 
ld^""~ = 0.02845672, or log 0.02845672 = 21454185, 
lQT.AtAin _ 0.002845672, or log 0.002845672 = 3.454185, 
etc., etc. Q. E. D. 

7. Cor. The characteristic of a number consisting entirely of a 
decimal fraction, is negative, and one more than the number offfs 
immediately following the decimal point, as appears from the last 
demonstration, or from the fact that 1-*= -j^y = .1 ; 10""' = -jphr = 
.01 ; 10-" = TT^ = .001 ; etc., etc. 

8* One of the most important uses of logarithms is to facilitate 
the multiplication, division, involution, and extraction of roots of 
large numbers. These processes are performed upon the following 
principles : 

9* Prop. 1. — Tlie sum of the logarithms of two numbers is the 
logarithm of their product, 

Deh. Let a be the base of the system. Let m and n be any two numbers 
whose logarithms are x and y respectively. Then by definition a^ = m, and 
{ff'=zn. Multiplying these equations together we have a*+»' = m7i. Whence 
aj + y is the logarithm of wn. q. e. d. 

10. Prop. 2. — The logarithm of the quotieiit of two nninbers is 
the logarithm of the dividend mintt$ the logarithm of the divisor. 

Dbm. Let a be the base of the system, and m and n any two numbers whose 
logarithms are, respectively, x and y. Then by definition we have a^ = m, and 

a" = n. Dividing, we have o^-*' = — . Whence a? — y is the logarithm of - 

n n' 

q.E. D. 

* This is the common abbreyiation indicating the logarithm of a number, and should be 
read " logarithm of 284567.2," not " log 284667.2," which is grossly inelegant 
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11. Prop. 3. — The logarithm of a power of a nnmbcr is the 
logarithm of the number multiplied by the index of the power, 

Dem. Let a be the base, and x the logarithm of m. Then af = m ; and raising 
both to any power, as the 2th, we have a^^ — m'. Whence xz is the logarithm 
of the 2th power of m, Q. e. d. 

12. Prop. 4:. — The logarithm of any root of a number is the 
logarithm of the number divided by the number expressing the degree 
of the root. 



Dem. Let a be the base, and x the logarithm of w. Then a?^=zm. Extract- 

X 

ing the 2th root we have a«= \/m. Whence - is the logarithm of n/wT. q. b. d. 



TABLE OF LOGABITHMS. 

13* In order to apply the above principles practically, we need 
what is called a Table of Logarithms. That is, a table from which 
we can readily obtain the logarithm of any number, or the number 
corresponding to any logarithm. Such a table is given on pages 11 
to 28. For methods of computing it, the student is referred to 
algebra. Its nature and manner of use will be learned from the 
two following problems : 



14* Proh.— To find the logarithm of a number from the table. 

Solution. The logarithm of any number between 1 and 100 is «jeen directly 
from the table on page 11. The column marked N contains the numbers, and the 
adjacent column to the right gives the logarithm of the corresponding number 
to 6 places of fractions. Thus, log 7 = 0.845098 ; log 33 = 1.518514. 

The mantissa of the logarithm of any number expressed with three figures is 
found in the column headed 0, on some one of the pages from 12 to 26 inclusive. 
The given number being found in the column marked N, the mantissa of its 
logarithm stands opposite. The characteristic can be determined by (5), (0), (7). 
When but four figures are found opposite the number in the column, the two 
left-hand figures of the mantissa are the same as in the next mantissa above, 
which has six. Thus, log 443 = 2.646404. 

To find tJie logarithm of a number consisting of four figures. Let it be required 
to find the logarithm of 2936. Looking for 293 (the first three figures) in the 
column of numbers, and then passing to the right until reaching the column 
headed 6, the fourth figure, we find 7756, to which prefixing the figures 46, 
which belong to all the logarithms following them till some others are indicated, 
wi- hnre for the mantissa of the logarithm of 2936, .467756. But, as 3 is tlio 
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logarithm of 1000, and 4 of 10,000, log 3936 is 3 and this decimal, or log 2936 = 
3.467756. 

To find the logarithm cf a number consisUng of more than four figures. Let it 
be required to find the logarithm of 2845672. Finding the decimal part of 
logarithm of the first four figures 2845, as before, we find it to be .454082. Now 
the logarithm of 2846 is 153 (millionths, really) more than that of 2845, as found 
in the right-hand column, marked D. Hence, assuming that if an increase of the 
number by 1000 makes an increase in its logarithm of 153, an increase of 672 in 
the number will make an increase in the logarithm of -fti%, or .672 of 153, or 
103, omitting lower oVders, and adding this to .454082, we have .454185 as the 
mantissa of log 2845672. The integral part is 6, since 2845672 lies between the 
6th and 7th powers of 10. Hence, log 2845672 = 6.454185. Q. B. D. 

SCH. 1. If in seeking the logarithm of any number, any of the heavy dots 
noticed in the table are passed, their places are to be filled with O's, and the fii-st 
two figures of the decimal of the logarithm taken from the column in the line 
below. Thus, log 3166 is 3.500511. This arrangement of the talt>le is merely 
a cx)nvenient method of saving space. 

ScH. 2. The column marked t) is called the column of Tabular Differences ; 
and any number in it is the difference between the mantissas found in columns 
4 and 6, which is usually the same as between any two consecutive logarithms 
in the same horizontal line. The assumption made in using this difference, viz., 
that the logarithms increase in the same ratio as the numbers, is only approxi- 
mately true, but still is accurate enough for ordinary use. 

EXERCISES. 

1. Find the logarithm of 2200. ....... Logarithm, 3.342423. 

2. Find the logarithm of 24.36 Logarithm, 1.386677. 

3. Find the logarithm of 2.698 Logarithm, 0.431042. 

4. Find the logarithm of 3585.9 Logarithm, 3.554598. 

5. Find the logarithm of 42.6634 Logarithm, 1.630056. 

6. Find the logarithm of 331.957 Logarithm, 2.521082. 

7. Find the logarithm of 2519.38 Logarithm, 3.401294. 

8. Find the logarithm of .538329 Logarithm, 1.731047. 

9. Find the logarithm of .087346 Logarithm, 2.941243. 

10. Find the logarithm of .007389 Logarithm, 3.8G8586. 

15, ScH. 3. It will be observed that the tabular difference varies rapidly at 
the beginning of the table ; hence, for numbers between 10000 and 11000 it ia 
better to use the last two pages of the table. 



16. JProh 2. — To find a number correspoiiding to a given 
logarithm, ' 
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SoL^n^ON, Let it be required to find the number corresponding to the 
lo|tm*itbm 5.515201 Looking in the table for the next less mantissa, we find 
,515311, the number corresponding to which is 3275 (no account now being 
T^ken ai to whether it is integral, fractional, or mixed ; as in any case the figiures 
■H ill be the &amc). Now from the tabular difference, in column D, we find that 
ttu increaae of 133 (million tlis, really) upon this logarithm (.616211), would make I 

an m crease of 1 in the number, making it 3276. But the given logarithm is , 

only 53 greater than thlsi, hence it is assumed (though only approximately 
*;oiTect) that the increase of the number ii -fh of 1, or 53 -i- 133 = .3984 + . 
This added (the figuieg itnaexed) to 3275, gives 32753984 -f . The characteristic, ' 

being 5, indicates that the number lies between the 6th and 6th powers of 10, i 

and hence has 6 iutegral places. /. 6.515264 = log. 327539.84 + . q. e. d. 

. i 
EXERCISES. j 

1, Find the number whose logarithm is 1.240050. 

Number, 17.38- 
2* Pind the number whose logarithm is 2.431203. 

Nuniber, 269.9. 
3* Find the number whose logarithm is 3.503780. 

Number, 3189.91. 

4. Find the nnmber whose logarithm is 0.138934. 

Number, 1.377. 

5. Find the nmnber whose logarithm is 1.368730. 

_ Number, .233738, 

6. Find the number whose logarithm is 2.448375. 

^Number, .028078. 

7. Fmd the number whose logarithm is 3.538630. 

Number, .003456. 

8. Find the number whose logarithm is .843970. 

__ Number, 6.98184. 

9. Find the number whose logarithm is 1.867372. 

iVwmJer, .736837. 
10. Find the number whose logarithm is .003985. 

__ Number, 1.00921. 
11- Find the number whose logarithm is 3.723460. 

Number, .005290. 



APPLICATIONS 

1, Find, by means of logarithms, the product of 57.98 by 18. 

SoLUTioTT. As the logarithm of the product equals the sum of the logarithms 
ot the factors \^\ we Unci the logarithms of 57.98, and 18 from the table, and 
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adding Ihein together, find the number con*espondmg to the sum. The latter 
munber is the proJuct required. Thus, 

log 57.98 = 1.763278 
log 18 = 1.225273 

3.018551 = log 1043.64. 

2. Multiply 23.14 by 5.062. 

3. Multiply 0.00563 by 17. 

4. Multiply 397.65 by 43.78. 

5. Multiply 0.3854 by 0.0576. 

6. Find the continued product of 3.902, 597.16, 

and 0.0314728. 

7. Multiply 832403 by 30243. 

8. Multiply 9703407 by 90807. 

9. Multiply 3.47 by 9.83. 
10. Multiply 12.763 by 10.976. 

[NoTB. The examples in division below will offer additional eierciae, if 
necessary.] 



Prod. 


117.1347. 


Prod. 


0.09571. 


Prod. 


17409.117. 


Prod. 


0.0231 G9. 


M6, 




Prod. 


73.3354. 


Prod. 


25n4;?C3929.* 


Prod. 


881137279449. 


Prod. 


34.1101. 


Prod. 


liO,08G68S.* 



1. Divide 24163 by 4567. 

Solution. Since the logarithm of the quotient equals the logarilhm of the 
dividend minus the logarithm of the divisor, we have the following optjratioTi ; 

log 24163 = 4.383151 
log 4567 = 8.( 



0.723520 = log 5.29078, 
which number is the quotient 

2. Divide 56.4 by 0.00015. 

Operation, log 56.4=1.751279 
log 0.00015 = 4176091 
Difference of log's = 5.576188. .'. The quotient is 376000. 

SuG. Observe that only the characteristic of the logarithm is negative, and 
that in subtracting we are to regard the nature of the logarithmic numbers a« 
positive or negative. 

3. Divide 461.02876 by 21.4. Ans, 31.5434 

4. Divide 25.49052 by 2.46. Ans, 10.362. 

5. Divide 17610.8248 by 37.6. Ans. 468.373. 

6. Divide .00144 by 1.2. Ans. .0012. 

7. Divide .0000025 by .005. Ana. .0005. 

* Ordinary 6 or 7 place logarithms will not give these products correct. Wlij? r 

I 
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8. Divide 43.2 by .24. Ans. 180 

9. Divide 59.74514 by 1.36. Ans. 43.93025. 
10. Divide .0001728 by 2.4. Ans. .000072. 

[Note. The examples in multiplication given above will afford additional 
exorcise, if necessary.] 

17. Sen.— Arithmetical Complement— The arithmetical complement 
of a number is sunply the remainder after subtracting the number from some 
particular fixed number. Thus, the a. c. of 6 with reference to 9 is 4 ; of 3, 6 ; of 
7, 2 ; etc. The a. c. of 7 with reference to 10 is 3 ; of 4, 6 ; of 2, 8 ; etc. When 
required to subtract one number from another, we may, if we choose, add its a. c. 
and then subtract the number with reference to which the a. c. is taken. This 
process will give the true difference. Thus, if we are to subtract 6 from 9, we 
may add to 9 what 6 lacks of being 10 (10 — 6 = 4, the a. c of 6 with reference 
to 10) and then subtract 10. 9 — 6 = 9 + 4 — 10. A few such questions as the 
following .will render this simple process familiar. What number must I add to 
576, in order that I may subtract 100 from the sum, and get the same remainder 
as if I had subtracted 68 in the first instance ? Again, if I wish to take 37 from 
160, what must I add to the latter, in order that I may subtract 40 from the 
result, and get the difference sought ? 

This principle is sometimes used in computing by means of logarithms. It is 
especially convenient when there are several multipliers and several divisors 
involved in the same computation. An example or two will make the process 
familiar. The complements of logarithms are usually taken witli reference to 
10. If the logarithm exceeds 10, 20 may be used, etc. 

18' Required the result of the following combinations : 346 X 27.8 
-f- 1156 X 3426 -T- 2.004 X 27 -:- 11.05. 

Operation. log 346 = 2.539076 

log 27.8 = 1.444045 
a. c. log 1156 = 6.937042 
log 8426 = 3.534787 
a. c. Iog2.004 = 9.698102 
log 27 = 1.431364 
a. c. log 11.05 = 8.956638 
34.541054 
Rejecting 30.000000 as three complements are 

used. 4.541054 is the logarithm of the re- 

quired result. .*. As 4.541054 = log 84757.92, the latter is the result sought 

[Note. The preceding examples can be used to familiarize this principle if 
thought desirable.] 

Suo. The a. c. of 2.468216 is 11.531784, since 2 is negative. An a. c. can be 
written directly from the table with nearly the same ease as the logarithm 
Itself, by writing from left to right, and taking each figure from 9, except the 
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right-hand one, which is to be taken from 10. Thus, if the characteristic is 8, 
we write 6 • the next figure being 2, write 7 ; for 4, write 5, etc. 



1. What is the cube of 32 ? 

Solution. Since the logarithm of the cube of a number is three times the 
logarithm of the number itself (11), we have 

log (32)» = 3 log 32 = 4.515450 = log 32767.97, 
which number is the cube of 32, as accurately as the process gives it (32)' by 
multiplication = 32768. 

2. What is the cube root of 7896.34? 

SUG. Log (7896.34)* = 4 log 7896.34 = 1.299142 = log 19.913. .". (7896.34)* 
= 19.913. (See 12.) 

3. What is the 20th power of 1.06 ? . Ans, 3.2071. 

4. What is the 5th power of 2.846 ? ' 

5. What is the 5th root of 31152784.1 ? Atis. 31.52+. 

6. What is the cube root of 30 ? Ans, 3.107 + . 

7. What is the cube root of .03 ? • 

Sua Log .03 ="2.477121. Now to divide this_by 3, we have to bear in mind 
that the characteristic alone is negative ; t. «., 2.477121 = —2 +_;477121, or — 
1.522879. This divided by 3 gives - .507626, or - .507626 = 1.492374. But 
a more convenient method of effecting this division is to write for the — 2, 
— 3 +_1, whence we have for "2.477121,-3 + 1.477121, which divided by 3 
gives 1.492374, nearly. 

8. Divide 3^261453 by 2, by 4, by 5. Last quotient, 1.4522906. 

9. What is the 4th root of .00000081 ? Ans. .03. 
10. What is the 7th root of 0.005846? Ans. .4797. 



1. If 28.035 : 3.2781 : : 3114.27 : x, what logarithmic operations 
will fiud X ? 

SuG. The logarithm of the product of the means is the sum of their loga- 
rithms ; and the logarithm of the quotient of this product divided by the first 
extreme, is the logarithm of said product minus the logarithm of the other 
extreme. .*. log x = log 3.2781 + log 3114.27 - log 28.035 = 0.515622 + 3.493356 
- 1.447700 = 2.561278. Hence, x = 364.1478 + . ' 

2. Given 72.34 : 2.519 : : 357.48 : x, to find x, by logarithms. 

X = 12.448. 

3. Given 6853 : 489 : : 88750 : x, to find x, by logarithms. 

X = 2765. 
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SuG. The most elegant way to solve such propositions by loganthms is to 
take the sum of the logarithms of the means and the a. c. of the given extreme 
and reject 10. The result is log x, 

4. Given 497 : 1891 : : 376 : Xy to find x, using the a. c. log. 

Operation. log 1891 = 3.276693 

log 370 = 2.576188 
a. clog 497 = 7.303644 
Sum, less 10 = 3.165524 = log 1430.62. /. x = 1480.62. 

I Note. Solve the preceding in a similar manner, by using a. c. log.] 



Let the student give the reasons for the following : 

1. Given (f)* -r- (tv)^ = ^9 we have 

2 log 2 = 0.602060 

} log 16 = 0.903090 

a. c. 2 log 3 = 9.045758 

a. c. J log 6 = 9.475773 

Sum, less 20 = 0.026681. .*. x = 1.0633+ . 

a. Given Vi : X :: (3i)« : ^/C*, to find x. 

Lns i» = 21t>g 3 + ilog 2 + Jiog 6 + a. c. 2 log 10 + a. c. i log 5 - 20 = 
.274039. .\ ic = 0.1879 + . 

3, Giyen vTIS X \/M6 : (0.0051)' : : x '^^' 

Log se = ^ log 115 + 1 log .016 + i log .32 + a. c. | log 1146 + a. a 3 log 
0051 - 20 = 2.729701. .*. x = 536.66 +. 



TABLE I. 



0ONTAIl«UrO 



LOGARITHMS OF NUMBERS 



Fbom 1 TO 11,000. 



N. 


Log. 1 


N. 


Log. 


N. 


Log. 


N. 


Log. 


1 


O.QOOOOO 


26 


I. 414973 
I.43i364 


51 


1.707570 


76 


I. 880814 


2 


o.3oio3o 


27 


52 


I. 716003 


77 


I. 88649 I 


8 


0.477I2I 


23 


1-447158 


58 


1.724276 


78 


1.892095 


4 


o»6o2o6o 


29 


1.462398 


54 


1.732394 


79 


1.897627 
1.903090 


5 


0.698970 


80 


1.477121 


55 


1.740363 


80 


6 

7 


0.778151 
0-845098 


81 
82 


I. 491362 
i.5o5i5o 


56 

57 


I. 748188 
1.755875 


81 
82 


1.908485 
1.913814 


8 


0*903090 


88 


I.5i85i4 


58 


1.763428 


88 


I. 919078 


9 


0.954243 


84 


I. 531470 
1.544068 


59 


1.770852 


84 


1-924279 


10 


I. 000000 


85 


60 


1.778151 


85 


1-929419 


11 


I.o4i3o3 
1.070181 
1.113943 


86 


i.5563o3 


61 


1.785330 


86 


1.934498 


12 


37 


1-568202 


62 


1.792392' 


87 


1.939510 
1.944483 


18 


88 


1.579784 


68 


i.8o6ir^ 


88 


14 


1-146128 


89 


1-591065 


. «* 


89 


1.949390 


15 


1-176091 


40 


1.602060 


' 65 


I.8i29f3 


i;0 


1.954243 


16 


1*204120 


41 


I -612784 


66 


I. 819544 
1.826075 


91 


I'-lbTisl 


17 


1-230440 
1.255273 

1-278754 


42 


1-623249 
1-633468 


67 


92 


18 


43 


68 


1.832509 


i*3 


1.968483 


19 


44 


1-643453 


69 


1.838849 
1.845098 


94 


I. 973128 


20 


i-3oio3o 


45 


I -653213 


70 


95 


1.977724 


21 


I-3222IO 

1.342423 


46 


1.662758 


71 


I. 851258 


96 


1.982271 


22 


47 


1-672098 


72 


1.857333 
1.863323 


97 


1.986772 


26 


I.36I728 


48 


1-681241 


78 


98 


1-991226 


24 


I.3802II 


49 


1.690196 


74 


1-869232 
I. 876061 


99 


1-995635 


25 


1.397940 


50 


1.698970 


75 


100 


2-000000 



Remark. — In the following Table, the Jirst ttoo JiffureSj in the first column of 
Logarithms, are to be prefixed to each of the numbers, in the same horizontal 
line, in the next nine columns; but when a point (•) occurs, a is to be put 
in its place, and the iioo initial Jiffures are to be taken from the next line below. 
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N. 


1 ' 


1 


2 


d 


4 


5 


6 


7 


8 


9 


D. 


100 


oooooo 


0434 


0868 


i3oi 


1734 


2166 


2598 


>29 


3461 


3891 


432 


101 


4321 


4751 


5i8i 


98^ 


6o38 


6466 


6894 


7321 


7748 


8174 


428 


103 


86oo 


9026 
3259 


0451 
368o 


•3oo 


•724 


1 147 


1570 


1993 


24i5 


424 


108 


012837 


4100 


4521 


4940 


536o 


5779 


t',t] 


6616 


410 
416 


104 


7o33 


745i 


7868 


8284 


8700 
2841 


91 16 

3252 


9532 
3664 


9947 
4075 


4896 


105 


021 189 

53o6 


i6o3 


2016 


2428 


4486 


412 


106 


57,5 


6125 


6533 


6942 


7350 


1812 


8164 


8571 


8978 


408 


107 


o384 
033424 


Ull 


•195 


•600 


1004 


1408 


2216 


2619 


302I 


404 


108 


4227 
8223 


4628 


5029 


543o 


5830 


6230 


6629 


7028 


400 


109 


7426 


7825 


8620 


9017 


9414 


981 1 


•207 


•602 


•998 


396 


110 


041393 


1787 


2182 


2576 


'^ 


3362 


3755 
7664 


4148 


4540 


4932 


3o3 


. Ill 


5323 


3463 


oio5 


64o5 
•38o 


]\n 


8o53 


8442 


389 


112 


0218 
053078 


ml 


•766 


i538 


1924 


2309 


2694 


386 


113 


423o 


46i3 


4996 


5378 
9185 


5t6o 
?333 


6142 


6524 


382 


114 


6905 


7286 


7666 


8046 


8426 


8865 


0942 

fa 


•320 


^7? 


115 


060698 
4458 


1075 
4832 


1452 


1829 


2206 


2582 


2958 
6699 


4o83 


116 


5206 


5586 


5953 


6326 


7071 


7bi5 


372 


117 


8186 


8557 


8028 
2617 
6276 


i! 


9068 


••38 


•407 
4o8d 


2f. 


1 145 


I5i4 


36o 


118 


071882 


225o 


3352 


3718 
7368 


4816 


5182 


366 


119 


'5547 


5912 


7004 


7731 


8094 


8457 


8819 


363 


120 


079181 

082785 

636o 


o543 
3i44 


Ki 


•266 


•626 


Sile 


i347 


1707 


2067 


2426 


36o 


121 


386i 


4219 


4934 


5291 


5647 
9198 


6004 


lU 


122 


6716 


7071 


7426 


i3i5 


8490 


8845 


o552 
3071 
6562 


128 


0905 
093422 


•258 


•611 


•963 


1667 


2018 


2370 


2721 


35i 


124 


^ 

0715 


4122 


tl\ 


4820 


5169 


55i8 


5866 


6215 


'a 


125 


6qio 
10037 I 


7604 


8298 


8644 


8900 
2434 


9335 


0681 
3ii9 


••26 


126 


1059 


i4o3 


1747 


2091 


2777 


3462 


343 


127 


38o4 


4146 


4487 
7888 


4828 


5i6i 
8565 


5510 


585i 


6191 


653i 


^11 


340 


128 


7210 


7540 
0926 


8227 


8903 


9241 


9579 


f4 


338 


129 


1 10590 


1263 


1599 


1934 


2270 


26o5 


2940 


3609 


335 


130 


1 13943 


ft!i 


461 1 


4944 


5278 


56ii 


5943 


6276 
9586 


6608 


6940 


333 


131 


7271 


7934 


8265 


8595 
1888 


8926 


9256 


v4 

6456 


•245 


33o 


132 


120574 
3852 


0903 


I23l 


i56o 


2216 


2344 


287I 
6i3i 


3525 


328 


133 


4178 


45o4 


4830 


5i56 


5481 


58o6 


6781 


325 


134 


•7io5 


l^lt 


7753 


8076 


8399 


8722 


9045 


9368 


9690 


••12 


323 


135 


i3o334 


0977 


1298 


1619 


If^t 


2260 


258o 


2900 


3219 
64o3 


321 


136 


3539 


3858 


7354 


4496 


4814 


545i 


5769 


6086 


3i8 


137 


6721 
i4?oi5 


7037 


7671 


]l^l 


83o3 


8618 


8934 


9249 


9564 


3i5 


188 


•194 


•5o8 


•822 


1450 


1763 
4885 


2076 


2389 


2702 
58i8 


3i4 


139 


3327 


3639 


3951 


4263 


4574 


5196 


5507 


3u 


140 


146128 


6438 


6748 
9835 


7o58 


7367 


3815 


7985 


8^4 


86o3 


891 1 


309 


141 


152288 


9527 


•142 


•449 


1063 


1370 


1676 


1982 


III 


142 


2594 


2900 


32o5 


35io 


4120 


4424 


4728 


5o32 


143 


5336 


5640 


5943 


6246 


6549 


6852 


7154 


7457 


7759 


8061 


3o3 


144 


83(2 


8664 


8965 


9266 


9567 


9868 


•168 


•469 


3758 


1068 


3oi 


145 


i6i3od 


1667 


1967 


2266 


2564 


2863 


3i6i 


3460 


4o55 


299 


146 


4353 


465o 


494^ 
0848 


5244 


5541 


5838 


6i34 


643o 


6726 
9674 


7022 


^l 


147 


7317 


7613 


8203 


?1?I 


8792 


9086 


9380 


ti 


148 


170262 


o555 


1141 


X 


2019 


23ll 


26o3 


293 


149 


3i86 


3478 


3769 


4060 


435i 


4932 


5222 


55i2 


58o2 


291 


150 


176091 


638i 


6670 
9552 


^% 


7248 


7536 


7825 


8ii3 


8401 


1^ 


289 


151 


181844 


9264 


•126 


•4i3 


^ 


•986 
3839 


1272 


il 


152 


2129 


24i5 


2700 


2o85 
5825 


3270 


4123 


4407 


153 


4691 


5259 


5542 


6108 


5391 


6674 


6956 


7239 


283 


154 


7521 


8084 


8366 


8647 


8928 


9209 


9400 
2289 


5346 


••5i 


281 


155 


190332 


0612 


0892 
368i 


39?^ 


I45i 


1730 
45i4 


2010 


2846 


2?? 


156 


3i25 


34o3 


4237 
7oo5 


^in 


5069 


5623 


167 


5900 


6176 


6453 


6729 


7281 


7832 


8107 


8382 


276 


158 


8657 


8002 


9206 


9481 


9755 


••29 


•3o3 


^11 


•85o 


1124 


274 


159 


201397 


1670 


1943 


2216 


2488 


2761 


3o33 


3577 


3848 


272 


N. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 
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N. 

160 
161 
162 
163 
164 
165 
166 
167 
168 
169 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 


204120 
6826 

95i5 
212188 
4844 
7484 
220108 
2716 
5309 
7887 


4391 

2454 
5109 

7747 
0J70 

8144 


4663 
7365 
••5i 
2720 
5373 
8010 
o63i 
3236 
5826 
8400 


4934 
7634 

t 

8273 
0892 
3496 
6084 
8657 


5204 

lilt 

3252 

5902 
8536 
1 1 53 
3755 
6342 
8913 


5475 
8173 
•853 
35i8 
6166 
8798 
1414 
4oi5 
6600 
9170 


5746 
8441 
I121 
3783 
6430 
9060 
1675 
4274 
6858 
9426 


6016 
8710 
i388 
4049 
6694 
9323 
io36 
4533 
7ii5 
9682 


6286 
43i4 
2196 
99^8 


6556 
9247 
1921 

4579 
7221 
9846 
2456 
5o5i 
7630 
•193 


269 

I'd 

264 

III 
lit 

256 


170 
171 
172 
178 
174 
175 
176 
177 
173 
179 


8046 
340540 
3o3§ 
55i3 
7973 
260420 
2853 


0704 
3250 
5781 
8297 

5759 
8219 
0664 
3096 


0960 
3504 
6o33 
8548 
1048 
3534 
6006 
8464 
0908 
3338 


I2l5 

nil 

8799 

6252 

8709 
ii5i 
358o 


1470 
401 1 
6537 

ra 

4o3o 

3822 


1724 
4264 
6789 
9299 
1795 
4277 
6745 

Vefs 

4064 


1979 
4517 
7041 
9550 
2044 
4525 
6991 
9443 
1 881 
43o6 


2234 

4770 

7292 

9800 

2293 

4772, 

7237 

9687 

3125 
4548 


2488 
5o23 
7544 
••5o 
2541 
6019 
7482 

tel 

4790 


2742 

5276 

IZ 

7728 
•176 
2610 
5o3i 


254 
253 

252 

25o 

Itl 
246 
245 
243 
242 


180 
.181 
182 
183 
1S4 
185 
186 
187 
188 
189 

lyo 

191 
192 
193 
194 
195 
196 
197 
198 
199 

200 
201 
202 
208 
204 
205 
206 
207 
208 
209 


255273 
7679 

260071 
2451 
4818 

95i3 

271842 
41 58 
6462 


55i4 
7018 
o3io 
2688 
5o54 
7406 
9746 

2074 

4389 
6692 


5755 
8i58 
0548 
2925 
5290 
7641 

4620 
6921 


8?^8 

vb 

3162 
5525 
7875 

•2l3 

2538 
485o 
7i5i 


6237 
8637 

1025 

8II0 
•446 

a? 

7380 


3636 

8344 
•679 
3ooi 
53ii 
7609 


6718 
91 16 
i5oi 
3873 
6232 
8578 
•912 
3233 
5542 
7838 


6958 
9355 
1739 
4109 
6467 
8812 
II44 

3464 


7198 
9594 

6702 
9046 

6002 

8296 


'4lt 

2214 

4582 
6937 

9279 
1609 
3927 

6232 

8525 


241 

23o 
238 

237 

235 
234 
233 

232 

23o 
229 


33oi 

5557 

7802 

290035 

2256 

4466 
6665 
8853 


8982 
1 261 
3527 
5782 
8026 
0257 
2478 
4687 
6884 
9071 


921 1 

1488 
3753 
6007 
8249 
0480 
2699 
4907 
7104 
9289 


8473 

0702 
2920 
5i27 

7323- 
9507 


9667 
1942 
42o5 
6456 
8696 
0925 
3i4i 
5347 
7542 
9725 


9895 
2169 
443 1 
6681 
8920 
1147 
336i 
5567 
7761 
9943 


•I23 

23o6 
4656 
6905 
9143 
1369 
3584 
5787 

2?Z? 


•35i 
2622 
4832 
7i3o 
9366 
1 591 
38o4 
6007 
8198 
•378 


•578 
2849 

5io7 
7354 

\^ 

4025 
6226 
8416 
•595 


•806 
3075 
5332 
7578 
9812 
2o34 
4246 
6446 
8635 
•8i3 


228 

lU 

225 
223 
222 
221 
220 

l\t 


3oio3o 
3io6 
535i 

311754 

3867 

^t 

320146 


1247 
3412 
5566 

9?43 
1966 
4078 
6180 
8272 
o354 


1464 
3628 

5781 

2177 
4289 
6390 
8481 
o562 


1681 
3844 

•268 
2389 
4499 

^^ 

0769 


1808 
4059 
621 1 
835i 
•481 
2600 
4710 

0977 


2114 

4275 

6425 

8564 1 

•693 

2812 

4920 

7018 

9106 

ii84 


333i 
4401 
6639 

•906 
3o23 
5i3o 
7227 
9314 
1391 


4706 
6854 
8991 
1118 
3234 
5340 
7436 
9522 

I598 


2764 
4921 
7668 
9204 
i33o 
3445 
555i 
7646 
9730 
i8o5 


2980 
5i36 
7282 

9417 
1 542 
3656 
5760 
7854 
9938 
2012 


I'J, 

2l5 
2l3 
212 
211 
210 

208 
207 


210 
211 
£12 
213 
214 
215 
216 
217 
218 
219 


322219 
4282 
6336 
8380 

33o4i4 
2438 
4454 
6460 
8456 

340444 


2426 
4488 
6541 
8583 
0617 
2640 
4655 
6660 
8656 
0642 


2633 
4694 
6745 
8787 
0819 
2842 
4856 
6860 
8855 
0841 


2839 

^69^ 
8991 
1022 
3o44 
5o57 
7060 
9054 
1039 


3o46 
5io5 
7l55 
9194 

1225 

3246 
5257 
7260 
9253 
1237 


3252 

53 10 

ll^ 

1427 
3447 
5458 
7459 
945i 
I4e5 


3458 
55i6 
7563 
9601 
i63o 
3640 
5658 
7659 
9650 
1632 


3665 
572. 

3S 
l832 
385o 
585o 
7858 

9849 
i83o 


3871 
5926 

IV.1 

2o34 
4o5i 
6059 
8o58 
••47 
2028 


tU] 

8176 
•211 

2236 

4253 
6260 
8257 
•246 

2225 


206 
205 
204 
203 
202 
202 
201 
200 

\^ 


N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 
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LOGARITHMS OF NUMBEE8. 



K 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


220 


342423 


2620 


2817 

4785 


3oi4 


3212 


3409 


36o6 


3802 


'5^ 


4196 
6157 


\u 


221 


43q2 
6353 


4589 


4981 


5178 

7i35 


5374 


5570 


5766 


222 


6549 


6744 


^8,' 


7330 


7525 


7720 


X 


8110 


195 1 


228 


83o5 


85oo 


9083 


9278 


9472 


9666 


••54 


194 


224 


350248 


0442 


0829 


1023 


1216 


1410 


i6o3 


1796 


Ip 

5834 


I^ 


225 


2i83 


2375 


2568 


2761 


2o54 
4876 


'^ 


3339 


3532 


3724 


I^ 


226 


4io8 


43oi 


4493 


4685 


5260 


5452 


5643 


192 


227 


6026 


6217 
8125 


6408 


t^ 


6790 


6981 
8886 


7172 


7363 


7554 


7744 


191 


228 


%l 


83i6 


86^6 


9076 


9266 


9456 


9646 


\% 


229 


••i5 


•2l5 


•404 


•593 


•783 


•972 


1161 


i35o 


1539 


280 


361728 


3^2 


2I05 


2294 


2482 


2671 
455i 


2859 


3048 


3236 


3424 


188 


281 


3612 


3988 
5862 


4176 


4363 


U'.l 


4926 


5ii3 


53oi 


188 


232 


5488 


5675 


6049 
7915 


6236 


6423 


6796 


6o83 
8845 


7169 


1^ 


288 


7356 


7542 


l^^ 


8101 


8287 
•143 


H'^i 


8609 


9o3o 


284 


9216 


9401 


9772 


??^ 


•328 


•5i3 


•698 


•883 


i85 


285 


371068 


1253 


1437 


1622 


m\ 


2175 


236o 


2544 


2728 


184 


286 


2912 


3oq6 
49J2 


3280 


3464 


3647 


401 5 


4198 


4382 


4565 


184 


287 


4748 

ill 


5ii5 


5298 


5481 


5664 


5846 


6029 


6212 


6394 


i83 


288 


t^ 


6942 


7124 
8943 


7306 


7488 


7670 
9467 


7852 


8o34 


8216 


182 


289 


8761 


9124 


9306 


9668 


9849 


••30 


181 


240 


3802II 


0392 


0573 


0754 


0934 


iii5 


1296 


1476 


i656 


1837 


181 


241 


2017 
38i5 


2197 
7568 


2377 


2737 


2917 


3097 


3277 


3456 


3636 


180 


242 


4174 


4533 


4712 


4891 


5070 
6856 


5249 


5428 


:?? 


248 


56o6 


5964 


6142 


6321 


6499 


fM 


7o34 
881 1 


ps^ 


244 


lilt 

390935 

2697 

4452 


7746 
9520 
1288 


7923 


8IOI 




8634 


n8 


245 
246 


9343 
1112 


9608 
1464 


9875 

I64I 


•228 

If. 

55oi 


•4o5 
2169 
3926 
5676 


•582 
2345 


2D2I 


\'il 


247 


2873 


3048 


3224 


3400 


4101 


Zll 


176 


248 


4627 


4802 


4977 


5i52 


5326 


585o 


175 


249 


6199 


6374 


6548 


6722 


6896 


7071 


7245 


7419 


7592 


7766 


174 


250 


'%: 


8114 


8287 


8461 


8634 


8808 


8981 


9154 


9328 


9501 


173 


251 


?^^] 


••20 


•192 


•365 


•538 


•711 


•883 


io56 


1228 


173 


252 


401401 


1745 


nil 


2089 


2261 


2433 


26o5 


2777 


2949 

4663 


172 


258 


3l2I 


3292 


3464 


3807 


m 


585? 


4320 


4492 


171 


254 


4834 


5oo5 


5176 


5346 


55i7 


6029 


6199 


6370 


171 


255 


6540 


6710 


6881 


705l 

8749 


7221 


73oi 
9087 


756i 


773 1 




8070 
9764 


:2^ 


256 


8240 


8410 


8579 


8918 


9257 

•046 
2629 
43o5 


9426 


95o5 


257 


9933 
41 1620 


•102 


•271 
3?35 


•440 


•609 


2461* 


1114 


1283 


I45i 


;^ 


258 


1788 


2124 


2293 


2796 


2964 
4639 


3i32 


259 


33oo 


3467 


38o3 


3970 


4137 


4472 


4806 


167 


260 


414973 


5i4o 


5307 
6073 
8633 


5474 
•45i 


5641 


58o8 


5o74 


6141 


63o8 


6474 


i65 


261 
262 


6641 
83oi 


6807 
8467 


7306 
8964 


7472 
9129 


7638 
9295 


7804 
9460 


nil 


8i35 

9791 
1439 


268 


9956 


•121 


•286 


•616 


•781 


•945 
2590 


mo 


1275 


i65 


264 


421604 


1768 


1933 


i 


2261 


2426 


2754 


2918 
4555 


3082 


164 


265 1 


3246 


3410 


3574 


5?34 


4o65 


4228 


4392 


4718 


164 


265 


4882 


5o45 


5208 


5697 


586o 


6023 


6186 


6340 

797^ 


i63 


287 


65ii 


6674 


6836 


us 


7161 
8783 


7324 


7486 


7648 


781 1 


162 


268 


8i35 


8297 


'41 


9106 


9268 


9429 


9591 


162 


269 


9752 


9914 


•236 


•398 


•720 


•881 


1042 


I203 


161 


270 


43 1 364 


1 525 


i685 


1846 


2007 


2167 


2328 


2488 


2649 


2809 


161 


271 


B 


3i3o 


3290 
4888 


345o 


36io 


iii^ 


3o3o 
5526 


4000 
5685 


4249 


4409 


160 


£72 


nil 


5048 


5207 


5844 


6004 


i59 


278 


6481 


6640 


tir, 


^% 


8701 


IF^ 


7433 


7592 


:i§ 


274 


775i 
9333 


7909 


8067 


8226 


9017 


it 


276 


rz 


9648 


9806 


tsi 


•122 


•279 


•437 


•594 


1 58 


276 


440909 


1224 


i38i 


32?3 


1 852 


2009 


2166 


2323 


157 


277 


2480 


2637 


'4 

59i4 


ti 


3io6 


3419 


3576 


3732 


3889 


\U 


278 


4045 


4201 


4669 
6226 


4825 


4981 


5i37 


5293 


5440 
7oo3 


279 


5604 


5760 


6071 


6382 


6d37 


6692 


6848 


i55 


N. 





1 


2 


8 


4 


5 


6 


. 7 


8 


9 


D. 



LOGAErrHMS OF NUMBERS. 
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N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


- 


280 
281 
282 
283 
284 
285 
286 
237 
288 
289 


447158 
8706 

450249 
1786 
33i8 
4845 
6366 
7882 
9392 

460898 


^861 
o4o3 
1940 
3471 

8o33 
9543 
1048 


7468 
9015 
0557 
2093 
3624 
5i5o 
6670 
8184 
9694 
1198 


7623 
9170 
071 1 
2247 

nil 

6821 

8336 
9845 
1348 


7778 
9324 
o865 
2400 
3930 
5454 

ti^ 

999D 
1499 


7933 
9478 
1018 
2553 
4082 
56o6 
7125 
8638 
•146 
1649 


8088 
9633 
1172 
2706 
4235 
5758 

•296 
1799 


8342 

?S 

2859 
4387 
5910 
7428 
6940 
•447 
1948 


8397 
9941 
J479 
3oi2 
4540 
6062 
7579 


0552 

••95 
1633 
3i65 
4692 
6214 
7731 
9242 
*748 
2248 


i55 
1 54 
l54 
1 53 
1 53 

I 52 
l52 

l5i 
l5i 
i5o 


290 
291 
292 
298 
294 
295 
296 
297 
298 
299 


462398 
3893 
5383 
6868 
8347 
9822 

4216 

6671 


2548 
4042 
5532 
7016 

?43? 
2903 
4362 
58i6 


2697 

7164 
8643 
•116 

1 585 
5962 


2847 
4340 
5829 

1312 

1732 

3io5 
4653 
6107 


2997 
4490 
5977 
7460 
8938 
•410 
1878 
3341 

tin 


3i46 
4639 
6126 
7608 
9085 

2025 

3487 

4q44 
6397 


3296 

4788 
6274 

77^6 
9233 
•704 
2171 
3633 
5090 
6542 


3445 
4936 
6423 

ir^ 

♦85i 
23i8 

nil 

6687 


5^^ 

6571 
8o52 

2? 

2464 
3o25 
538i 
6832 


3744 
5234 
6719 
8200 
9675 
1 145 
2610 
4071 
5526 
6976 


i5o 
149 
149 
1 48 
148 
147 
146 
146 
146 
145 


800 
801 
802 
803 
804 
805 
806 
807 
808 
809 


477»2i 
6566 

480007 
1443 
2874 
43oo 
5721 
7138 
855i 
9958 


7266 

oi5i 
i586 
3oi6 
4442 
5863 
7280 
8692 
••99 


mi 

0294 

458? 
6oo5 
7421 
8833 
•239 


7555 

0% 

1872 
3302 
4727 
6147 


7700 
9143 
o582 
2016 
3445 
4869 
6289 
7704 
9114 

•520 


7844 
9287 
0725 
2159 
3587 
Soil 
6430 
7845 
9255 
•661 


7989 
943 1 
0869 

2302 
3730 

5i53 
6572 

li 

•801 


8i33 
9575 

1012 
2445 
3872 
5295 
6714 
8127 


8278 

VM 

2588 
401 5 
5437 
6855 
8269 

tl] 


8422 
9863 

1^1 

4157 

5579 
6997 
8410 
9818 
1222 


145 

144 

144 

143 

143 

142 

142 

141 . 

141 

140 


810 
811 
812 
813 
814 
815 
816 
817 
818 
819 


491362 
2760 
4i55 
5544 

5oio59 
2427 
3791 


l502 

2900 

4294 

5683 
7068 
8448 
9824 
1196 
2564 
3927 


1642 
3o4o 
4433 

5822 

7206 
8586 

?^§ 

2700 
4063 


1782 
3i79 

5oZo 
7^44 
8724 
••99 
1470 
2837 

4199 


1922 

33i9 
4711 

8862 
•236 
1607 


2062 
3458 
485o 
6238 
7621 

1744 
3109 
4471 


2201 

7759 
9137 

•5ii 

1880 
3246 
4607 


2341 

nil 

65i5 
7897 

nil 
2017 

3382 
4743 


2481 

3876 
5267 
6653 
8o35 
9412 
•785 
2i54 
35i8 
4878 


2621 
401 5 
5406 

8173 
95DO 
•922 
2291 
3635 
5o!4 


140 
139 
139. 

!^^ 
i38 
137 
137 
i36 
1 36 


820 
821 
82a 
823 
824 
825 
826 
827 
828 
829 


5o5i5o 

65o5 
7856 
9203 
5io545 
1 883 
3218 
4548 
5874 
7196 


5286 
6640 

0679 
2017 
335i 
4681 
6006 
7328 


5421 

8126 

o3i3 

2l5l 

3484 
48i3 
6139 
7460 


5557 
6911 
8260 
9606 
0947 
2284 
36i7 
4946 
6271 
7592 


5693 
7046 
8395 
9740 
1081 
2418 
3750 

7724 


5828 
7181 

853o 
9874 

12l5 

255i 
3883 

5211 

6535 
7855 


5o64 
73i6 
8664 
•••9 

1 349 
2684 
4016 
5344 
6668 

7987 


6009 
745i 

1482 
2818 
4149 
5476 
6800 
8119 


6234 
7586 
8934 
•277 
1616 
2951 
4282 
5609 
6932 
825i 


6370 
7721 
9068 
•411 
1750 
3o34 
44i5 
5741 
7064 
8382 


1 36 
135 
i35 
1 34 
1 34 
i33 
i33 
i33 

l32 
l32 


830 
831 
832 
333 
334 
885 
836 
837 
833 
830 

"n" 


5i85i4 
9828 

52II38 
2444 

5o45 
6339 
763o 
6917 
530200 


8646 

9959 
1269 
2575 
3876 
5i74 
6469 
7759 
9045 
o328 


8777 
••90 
1400 
2705 
4006 
53o4 
•6598 
7888 


8909. 
•221 
i53o 
2835 
41 36 
5434 
6727 
8016 
9302 
o584 


9040 
•353 
1661 
2966 
4266 
5563 
6856 
8145 
943o 
0712 


9171 
•484 

^096 
4396 
5693 
6985 
8274 
9559 
0840 


93o3 
•6i5 
1922 
3226 
4526 

5822 

7114 
8402 
9687 
0968 


9434 
•745 
2053 
3356 
4656 
5951 
7243 
8531 
9815 
1096 


9566 

•876 
21S3 
3486 
4785 
6o8i 

nil 
9943 

1223 


9697 
1007 
23i4 
36i6 
4915 
6210 
7501 
8788 
••72 
i35i 


]3i 
i3i 
i3i 
l3o 
i3o 
129 
129 

128 





1 


2 


8 


4 


5 


6 


7 


8 


9 
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LOOABITHMS OF NUHBEB8. 



N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


840 
841 
842 
848 
844 
845 
846 
847 
848 
84tf 


53U79 

2704 
4026 
5294 
65d8 
7«i9 
9076 
540329 

lilt 


1607 
2882 
41 53 
5421 

6685 
7945 
9202 
0455 
1704 
2960 


1734 
3009 
4280 
5547 
6811 
8071 
9327 
o58o 
1829 
3074 


1862 
3i36 
4407 
5674 
69i7 
8197 
9402 
0705 
1953 
3199 


1990 

3264 
4534 
58oo 
7063 

8322 

'X 

2078. 
3323 


2117 

59J7 

2203 
3447 


2245 
35i8 

4787 
6o5i 
73i5 
8574 
9829 
1080 

2327 

3571 


2372 
3645 
4914 
6180 
7441 
8699 
99D4 

]205 

2452 
3696 


25oo 

3772 

5o4i 
63o6 

2576 

3820 


2627 

IX 

6432 

^. 

•204 
1454 
2701 
3944 


128 

127 

\ll 

126 
126 

125 
125 
125 

124 


8q0 
851 
852 
858 
854 
855 
856 
857 
858 
859 


544068 
5307 
654J 

7775 
9003 
550228 
i45o 
2668 
3b83 
5094 


i'S 

6666 
7898 

9126 

o35i 
1572 
2790 
4004 
52i5 


43 16 
5555 
6789 
8021 
9240 
047J 
1694 
2911 
4126 
5336 


4440 
5678 
6913 
8144 
9371 
0095 
1816 
3o33 
4247 
5457 


4564 
58o2 
7o36 
8267 
9494 

mi 
3i55 
4368 
5578 


4688 
5925 
7159 

8389 
9616 
0840 
2060 
3276 

4489 
5699 


4812 
6049 

7282 

85i2 
9739 
0962 
2181 
3398 
4610 
5820 


4936 
6172 
74o5 
8635 
9861 
1084 
23o3 
3519 

5940 


5o6o 
6296 

9984 
1206 

2425 

3640 
4852 
6061 


5i83 

6419 

7652 
8881 
•106 
i328 
2547 
3762 
4973 
6182 


124 

124 
123 
123 
123 
122 
122 
121 
121 
121 


860 
861 
862 
868 
864 
865 
866 
867 
868 
869 


5563o3 
7607 
8709 
9907 

561IOI 
2293 
34«i 
4666 
5848 
7026 


6423 

••26 
1221 
2412 

36oo 

4784 
5966 
7144 


6544 

•146 
1 340 

253i 
3718 
4903 
6084 
7262 


6664 
7868 
9068 
•265 
1459 
265o 
3837 

502I 

6202 

7379 


6785 

7988 
9T88 
•385 
1578 

llt^ 
5T39 
6320 
7497 


6qo5 
8io8 
9308 
2504 

2887 
4074 
5257 
6437 
7614 


7026 
8228 
9428 
•624 
1817 
3oo6 
4192 
5376 
6555 
7732 


^349 
9548 
•743 
1936 
3i25 
43ii 
5494 
6673 
7849 


2o55 
3244 
4429 
5612 
6791 
7967 


mi 

2174 

3362 
4548 
5730 


120 
120 
120 
119 
119 
119 

\\l 
118 
118 


870 
871 
872 
878 
874 
875 
876 
877 
878 
879 


568202 
9374 

570543 
1709 
2872 
4o3i 
5i88 
6341 

mi 


83i9 

'X 
1825 
2988 

6457 


8436 
9608 
0776 
1942 
3 104 
4263 

5419 
6572 


8554 
itl 

3220 
4379 

5534 
6687 
7836 
8983 


8671 
9842 
1010 

^^ 

6802 
7951 
9097 


8788 

??^ 

2291 
3402 
4610 
5765 

9212 


1243 
2407 
3568 
4726 
5880 
7032 
8181 
9326 


O023 

*io3 
i3oo 

2523 

3684 
4841 
5996 

9441 


9140 
•3oo 
1476 
2639 
3800 
4957 
6111 
7262 
8410 
9555 


3915 
5072 
6226 

nil 
9669 


"7 
"7 

\\l 

lib 
116 
ii5 
ii5 
ii5 
114 


880 
881 
882 
883 
884 
885 
886 
887 
888 
889 


58^25 
2o63 

5461 
6587 

9960 


9808 

1039 

?;77 

33i2 
4444 
5574 

78^ 
8944 


••12 
ii53 
2291 
3426 

'^ 
6812 

7,35 


•126 

1267 
2404 
3539 
4670 

8047 
IIP, 


•241 

i38i 
25i8 
3652 
4783 
5912 
7037 
8160 


•355 
i4o5 

263i 
3765 
4896 
6024 
7149 
8272 
9391 
•507 


•469 
1608 
2745 
3879 
5009 
6137 
7262 
8384 
95o3 
•619 


•583 
1722 
2858 
3992 

5l22 

625o 


2972 

4io5 
5235 
6362 
7486 
8608 
9726 
•842 


•811 
1950 

3o85- 
4218 
5348 
6475 

7^99 
8720 
9838 
2953 


114 
114 
114 
ii3 
ii3 
ii3 

112 
112 
112 
112 


890 
891 
892 
898 
894 
895 
896 
897 
898 
899 


591065 

m 
4393 
5496 

600973 


1 176 

2288 

56o6 

P 

8900 


1287 

f^ 

4614 

79'4 
9009 

•lOI 

1191 


,399 

25lO 

36i8 
4724 
5d27 
6927 
8024 
9119 
•210 
1299 


i5io 
2621 

5937 
111] 

9228 
Hot 


162 1 

2732 
3840 
4945 
6047 
7146 
8243 

i5i7 


2843 
3950 
5o55 
6157 
7256 
8353 
9446 
•537 
1625 


1843 
2954 
4061 

5i65 
6267 
7366 
8462 
9556 
*646 
1734 


1955 
3o64 
4171 
5276 
6377 

liT. 

9665 

•755 
1843 


2066 
3175 

4282 
5386 
6487 
7586 
8681 

mi 

195 1 


III 
III 
HI 

no 
no 
no 
no 
109 
109 
109 


N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 
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N. 1 





1 


2 


8 


4 


6 


6 


7 


8 


'9 


D. 


400 


6o2o6o 


2169 


2277 


2386 


2494 


a6o3 


2711 


2819 


2928 


3o36 


]o8 


401 


3i44 


3253 


336i 


3469 


'^U 


3686 


11 


3902 


4010 


41 18 


108 


402 


4226 


4334 


4442 


455o 


4766 
5844 


4982 


5089 
6166 


5197 


108 


403 


53o5 


54i3 


5521 


5628 


5736 


6059 


6274 


108 


404 


6381 


6489 


6596 


6704 


6811 


6919 


7026 
8bo8 


7133 
82o5 

2§lf 


2§f5 

9381 
•447 


7348 
8419 


107 


405 
406 
407 


7455 
8526 
9594 


7562 
8633 
9701 


8740 


9914 


7884 
8954 
••21 


7991 
9061 
•128 


107 
107 
107 


403 
409 


610660 
1723 


0767 
1829 


0873 
1936 


0979 
2042 


1086 
2148 


II02 
2254 


X 


i4o5 
2466 


i5ii 
2572 


1617 

2678 


106 
106 


410 


612784 


2890 


l^, 


3l02 


32o7 


33i3 


3419 

4475 


3525 


3630 


3736 


106 


411 


3842 


i2S 


i^ 


4264 


4370 


458i 


4686 


4792 


106 


412 


'^ 


5io8 


5319 


5424 


5529 


5634 


5740 


5845 


105 


413 


6o55 


6160 


6265 


6370 


6476 


6581 


6686 


1 


6895 


io5 


414 
415 


^ 


7io5 
81 53 


7210 
8257 


S362 


7420 
8466 


7525 
6571 


t^ 


2?8o 


1^ 


io5 
io5 


416 


620136 


9198 


9302 


9406 


951 1 


9615 


9719 


9«24 


9928 


••32 


104 


417 


0240 


o344 


0448 


o552 


6656 


0766 


0864 


6968 


1072 


104 


418 


1 176 


1280 


i384 


1488 


1592 


i6o5 


im 


1903 


2007 


2110 


104 


419 


2214 


23i8 


2421 


2525 


2628 


27J2 


2939 


3o42 


3i46 


104 


420 


623249 


3353 


3456 


3559 


3663 


3766 


3869 


3973 


4076 


4179 


io3 


421 


4282 


4385 


4488 


4591 


4695 


4798 
685] 


4901 


5oo4 


5107 
6i35 


5210 


io3 


422 


63i2 


54i5 


55i8 


5621 


5724 


t^u 


6o32 


6238 


io3 


428 


6340 


6443 


6546 


6648 


6751 


7o58 
8082 
9>o4 


7161 
8i85 
9206 


7263 
8287 
9308 


io3 


424 
425 


7366 
8389 


1468 
8491 


¥. 


^l 


6835 


2878 
8960 


7980 


102 
102 


426 


9410 


9512 


9613 


9715 


^zl 


♦123 


♦224 


♦326 


102 


427 


630428 


6530 


o63i 


0733 


io38 


l\^ 


1 241 


i342 


102 


4£8 


1444 


i545 


1647 


1748 


1849 


1951 


2052 


2255 


2356 


101 


429 


2457 


2559 


2660 


2761 


2862 


2963 


3o64 


3i65 


3266 


3367 


101 


430 


633468 


45?2 


3670 


3771 


3872 


3973 


4074 
5odi 


4175 
5182 


5223 


4376 
5383 


100 


431 


^31 


4670 
5685 


i]lt 


4880 


4981 


100 


432 


5584 


5886 


5986 


6087 


6187 


6287 


6388 


100 


438 


6488 


6588 


6688 


6789 


6889 


6989 


2°^ 


8190 
9188 

*i83 


220^ 


7390 


100 


434 
435 

436 


g 


9! 


& 


7790 
6780 

9785 


2888 
9885 


2^ 
9984 




8389 
9387 
•382 


99 
99 
99 


437 


640481 


o58i 


0680 


0779 


0879 


0^78 


1077 


;;a 


1276 


1375 


99 


438 


1474 


lUl 


1672 


1771 


1871 


1970 
2959 


2000 


325D 


2366 


99 


439 


2465 


2662 


2761 


2860 


3o58 


3i56 


3354 


99 


440 


643453 


355i 


365o 


3749 


3847 


3946 


4044 


4143 


4242 


4340 


98 


441 


4439 


4537 


4636 


4734 


4832 


4931 


6029 


5127 


5226 


5324 


98 


442 


6422 


5521 


56i9 




58i5 


5^13 


6011 


61 10 


6208 


63o6 


98 


448 
444 
445 


6404 
7383 
836o 


65o2 

7481 
8458 


6600 

lilt 


6796 


6894 
2848 


ii 


2^ 

904J 




7285 
8262 
9237 


k 
98 

97 


446 


..9335 


9432 


9530 


9627 


9724 


9821 


9919 


••16 


•210 


97 


447 


65o3o8 


o4o5 


o5o2 




0696 


0793 
1762 


0890 


^51 


1084 


1181 


97 


448 


1278 


»375 


1472 


llU 


1666 


i859 


2053 


21 5o 


97 


449 


2246 


2343 


2440 


2633 


2730 


2826 


2923 


3019 


3ii6 
4080 


97 
96 


450 


653213 


3309 
4273 
5235 


34o5 


35o2 


3598 


36o5 
4658 


p\ 


3888 


3984 


451 


i\U 


4369 


4465 


4562 


485o 


4946 


5o42 


96 


452 


533 1 


638? 
7343 
8298 
9230 


5523 


5619 


6^73 


58io 


6§64 
7820 
0774 


6002 


96 


458 
454 
455 


^ 


6104 
8107 


6290 
224f 

8202 


6482 
7438 
8393 


6j77 
7534 
8488 


6760 


6960 


96 

9D 


456 


8965 


C 


9155 


9346 


9441 


9536 


9631 


9726 


9821 


95 


457 


9916 


•106 


•201 


•296 


•391 
1339 


•486 


•58i 


•676 


•771 


9^ 


458 


660865 


0960 


io55 


ii5o 


1245 


1434 


1 529 
2475 


1623 


1718 


95 


459 


i8i3 


1907 


2002 


2096 


2191 


238o 


2569 


2663 


95 


N. 
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2 
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5 


6 


7 


8 
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LOOABITHUS OF I^UMBEBS. 



N. 





1 


2 


8 


4 


5 


6 


7 


8 

35i2 
4454 

^^ 

7266 
6109 

2^ 
0988 
J913 


9 


D. 


4«0 
451 
4(i2 
463 
464 
465 
466 
467 
468 
469 

470 
471 
472 
473 
474 
475 
476 
477 
473 
479 


662758 
3701 
4642 
558i 
65i8 
7453 
8386 

670246 
1173 


2852 

3795 

4736 
6675 
6612 
7546 

8479 
9410 
0339 
1265 


2947 
3389 
483o 

Ip 

7640 
8J72 
95o3 
043 1 
i358 


3o4! 
3983 
4924 
5362 

6665 
9596 

OD24 
145 1 


3i35 

4078 
5oi8 
6956 
6892 
7826 

6759 
9689 

1^'^ 


323o 
4172 

5lI2 

6o5o 
6986 

9782 
0710 

1636 


3324 
4266 
5206 
6143 
7079 
8oi3 
8945 
9875 
0802 
1728 


3418 
436o 

9088 
1821 


36o7 
454* 
5487 
6424 
7860 
8293 

1080 
2oo5 


94 
94 
94 
94 

93 
93 

93 


672098 

302I 

3942 

4b6i 

5778 
6694 

m 

9428 

68o336 


S190 
3ii3 
4034 
4953 

5870 
6785 

k 

9519 
0426 


2283 

32o5 
4126 
5045 
5962 
6876 

7789 
8700 
9610 
o5i7 


2375 
3297 
4218 

6^5] 

T, 

8791 
9700 
0607 

i5i3 
2416 

3317 
4217 
5ii4 
6010 
6904 

Ut 

9*7* 


2467 
3390 
43io 
5228 
6145 
7059 

mi 
2^J 


256o 
3482 
4402 
5320 
6236 
7i5i 
8o63 
8973 
9882 
0789 


2652 

3574 
4494 
5412 

6328 

7242 

di54 
0^79 


2744 

3666 
4586 
55o3 

8245 

••63 
0970 


2836 
3758 

65ii 

7424 
8336 
9246 
•i54 
1060 


6602 

75i6 
6427 

•a 

Ii5i 


92 
92 
92 

92 
92 

91 
9» 
91 
91 
91 


480 
481 
482 
488 
484 
485 
486 
487 
483 
489 


681 241 

2143 

3o47 
3947 
4«45 

6636 
i529 
8420 
9309 


i332 

2235 

3i37 
4o37 
4935 
583i 
6726 
7618 
85oo 
939a 


1422 

2326 

3227 
4127 
5o23 

6?i5 


i6o3 
25o6 
3407 
4307 
5204 
6100 

9664 


1693 
2596 

5294 
6189 
7083 

9753 


1784 
2686 
3587 
4486 
5383 
6279 

m 

8953 
9841 


1874 

5473 
6368 
7261 
61 53 
9042 
9980 


1964 
2867 

';^ 

5563 
6458 
7351 
8242 
9181 
••19 


2o55 

2957 
3357 
4756 
5652 
6547 
7440 
8331 
9220 
•107 


90 
90 
90 
90 

I 

?9 
89 


490 
491 
492 
493 
494 
495 
496 
497 
493 
499 


io65 

2847 
3727 
4605 
5482 
6356 

7229 

8101 


0285 

2i?3 
2935 
38i5 
4693 
5569 
6444 


0373 
1258 
2142 
3o23 
3903 
4781 
5657 
653 1 


046J 
.347 

2230 

Sill 

iz 

5744 

6618 


o55o 
1435 
23i8 
3199 
4078 
4956 
5332 
6706 
7*78 
8449 


0689 

i524 

2406 
3287 
4166 
5o44 

^ 

7665 
8535 


0728 
1612 
2494 
3375 

4254 
5i3i 
6007 
6880 

7732 

8622 


0816 
1700 
2583 
3463 
4342 
5219 
6094 
6968 
7839 
8709 


0905 

1789 
2671 
355i 
443o 
5307 
6182 
7055 


2759 
8689 
4517 
5394 
6269 

8014 
8883 


89 
83 
88 
83 
88 
88 

?7 
?7 

87 


500 
501 
502 
508 
504 
505 
506 
507 
508 
509 


243 1 

^??; 

5oo8 
5864 
6718 


9057 
9924 
0790 
1 654 
25i7 

5094 


2:ff 

0877 
1741 

26o3 
3463 

4322 

6888 


923i 

••98 
0963 
1827 
2689 
3549 
4408 
5265 
6120 
6974 


9817 
•184 
io5» 
1913 

ml 
4494 
53DO 
6206 
7059 


9404 
•271 
11J6 
1999 
2861 
3721 

6291 
7144 


1% 

1222 

2086 
2947 
3807 

4665 

5522 

6876 
7229 


9578 
•444 
1809 

3^13 

'X 

5607 
6462 
73i5 


9664 
•53 1 
1305 

2258 

3119 

5693 

6547 
7400 


1482 

2344 
32o5 
4o65 
4922 

Ut 

7485 


?7 
87 
86 
86 
86 
86 
86 
86 
85 
85 


510 
511 
512 
513 
514 
515 
516 
517 
518 
519 

N. 


707570 
8421 
9270 

710117 
0963 
1807 
265o 
3491 
433o 
5167 

1 


7655 
85o6 
9355 
0202 
1048 
1802 
27J4 
3575 
4414 
525i 


9440 
0287 

ll32 

1976 
2HI8 

3659 

4497 
5335 


7826 
8676 
9524 
0371 
1217 
2060 
2902 
3742 
458 1 
5418 


2?l: 

i3oi 
2144 
2986 
3826 
4665 
55o2 


9694 

o54o 
1 385 
2229 
3070 
3910 


808! 
8981 

9779 
062D 

1470 
23i3 
3i54 

5669 


8166 
9015 
9868 
0710 
i554 

4078 
4916 
5753 


825i 
9100 
9948 

\l% 
2481 
3323 
4162 
5ooo 
5836 


8336 
9i85 
^•33 

0879 

2566 
3407 
4246 
5o84 
5920 


85 
85 
85 
85 
84 
84 
84 
84 
84 
84 


1 


2 


8 


4 


5 


6 


7 


8 


9 
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N. 


i ' 


1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


520 
521 
522 
523 
524 
625 
526 
527 
528 
529 


716003 

6838 

933 1 

1811 
2634 
3456 


6087 
6921 

llli 

9414 
0242 
1068 
1893 
2716 

3538 


6170 
7004 

ii5i 
1975 

2798 
3620 


6254 
7088 

2920 

8751 
9380 

04^7 
1233 
2o53 
2881 
3702 


6337 

8834 
9663 
0490 
i3i6 
2140 
2963 
3784 


6421 
7254 
8086 
8917 

X3 
1398 
2222 
3045 
3866 


65o4 
7338 
8169 
9000 
9828 
0655 
1481 
23o5 
3127 
3948 


6588 
7421 
8253 
9083 
99»i 

2387 
3209 
4o3o 


667. 

7504 
8336 
9165 

9994 
0821 
1646 
2469 
3291 
4112 


6754 
7687 
8419 
9248 

••77 
0903 

1728 

2552 

3374 

4194 


83 
83 
83 
83 
83 
83 
82 
82 

?' 
82 


580 
531 
532 
588 
584 
585 
586 
537 
538 
589 


724276 
6095 

69 M 

6327 

8354 
9165 
9974 


4358 
5176 

162? 
8435 
9246 
*»55 
o863 
1669 


4440 
5258 
6075 
6890 

Ei 
nil 

0944 
1750 


4522 

5340 
61 56 

^ 

9408 
•217 
1024 
i83o 


4604 
5422 
6238 
7053 
7866 
6678 
9480 
♦298 
iio5 
1911 


4685 
55o3 
6320 
7134 

It 
lilt 

1186 
1991 


6401 
7216 
8029 
8841 

965i 
•459 
1266 
2072 


4849 
5667 
6483 

7297 
8110 
8922 

9732 

•540 
1347 

2l52 


4931 
5748 
6564 

7379 
8191 
9003 

1428 

2233 


5oi3 
5830 
6646 
7460 
8273 
9084 
9893 
•702 
ioo8 
23i3 


82 
82 
82 
81 
81 
81 
81 
81 
81 
81 


540 
541 
542 
548 
544 
545 
546 
547 
548 
549 


732394 
3197 

3999 
4800 
5599 
6397 
7103 

li] 

9572 


2474 
3278 

a 

567Q 
6476 

8067 
8860 
9651 


2555 
3358 
4160 
4960 

ilk 

7352 
8146 
8939 
9731 


2635 
3438 
4240 
5o4o 
5838 
6635 
7431 
8225 
9018 
9810 


2715 
35i8 
4320 

5l20 

5918 

T' 

83o5 


2796 
3598 
4400 

5200 

5998 


2876 
3679 
4480 

Z]t 

6874 

7670 
8463 

9256 
-47 


2956 

5359 
6157 
6954 

m 


3o37 
3839 
4640 
5439 
6237 
7034 

tt 

9414 

•205 


3117 
3919 
4720 
5519 
63i7 
7113 
7908 
8701 


80 
80 
80 
80 
80 
80 
79 
79 
79 
79 


550 
551 
552 
558 
554 
555 
556 
557 
558 
559 


740363 

Il52 

272? 
35io 
4293 
5075 
5855 
6634 
7412 


0442 

I23o 

2018 

2804 

3588 

4371 

5i53 

5933 

6712. 

7489 


o52i 

2882 
3667 
4449 

523i 
601 1 
6700 
7567 


0600 
1 388 

3745 
4528 
5309 
6089 
6868 
7645 


0678 
1467 

2254 

3o39 
3823 
4606 
5387 
6167 
6945 
7722 


tl 

2332 

3ii8 
3902 
4684 
5465 
6245 
7023 
7800 


o836 
1624 
241 1 

3980 
4762 
5d43 
6323 
7101 
7878 


0915 
1703 
2480 
3275 
40D8 
4840 

5621 
6401 


1 

3353 
41 36 

4919 
5699 

8o33 


1073 

i860 
2647 

3431 
42i5 
4997 

till 
7334 
8110 


79 
79 
7? 

i 

78 


560 
561 
562 
563 
564 
565 
566 
567 
568 
569 


748188 
8963 

75o5o8 
IJ70 
2048 
2816 
3583 
4348 

5lI2 


8266. 

9040 

9814 

o586 

i356 

2125 

2893 

3660 
4425 
5189 


8343 
9118 
9891 
6663 
1433 
2202 
2970 

5265 


8421 
9195 
9968 
0740 
i5io 
2279 
3o47 
38i3 
4578 
5341 


8498 

0817 

2356 
3i23 
3889 
4654 
5417 


8576 
9350 

*I23 

0894 
1664 
2433 

3200 

3966 
4730 
5494 


8653 
9427 
•200 
0971 

3277 
4042 
4807 
5570 


8731 

1048 
1818 

2586 
3353 

488? 
5646 


8808 
9582 
S354 

II25 

1895 
2663 
343o 
4195 
4960 
5722 


8885 

1202 
1972 
2740 
3606 
4272 
5o36 
5799 


77 
77 
77 
77 
77 
77 
77 

76 


'570 
571 
572 
578 
574 
575 
576 
577 
578 
579 


8912 
9668 
760422 
1176 
1928 
2679 


5951 
6712 

7472 
8230 
8988 
9743 

°it 

2oo3 

2754 


6027 
6788 
7548 
83o6 
9063 

t^ 

1326 

2078 
2829 


6io3 
6864 
7624 
8382 
9139 
9894 
0649 
1402 
2i53 
2904 


6180 
6940 

7700 
8458 
9214 
9970 
0724 
1477 
2228 
2978 


6256 
7016 

ml 

23o3 
3o53 


6332 

Ei 

•121 

0875 
1627 
2378 

3ii8 


6408 
7168 

9441 
0950 

2453 

32o3 


6484 
7244 
8oo3 
8761 
9517 
•272 

1,025 

1778 

2529 

3278 


656o 
7320 

8079 
8836 
9592 

•347 

IIOI 

1 853 
2604 
3353 


1 

? 

75 


N. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 
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LOGABITHUS OF KtmBEBB. 



N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


580 
581 
582 
588 
584 
585 
586 
687 
588 
589 


763428 
4176 
4923 
566o 
641 J 
7i56 

^s 

9377 
7701 i5 


35o3 
425i 
4998 
5743 
6487 
723o 
7972 
8712 
945 1 
0189 


3578 
4326 
5072 
58i8 
6562 
7304 
8046 
8786 
9525 
0263 


3653 
4400 
5147 

66?6 
7379 

dl20 

8860 
^3^ 


3727 
4475 

5221 
5966 
6710 
7453 
8104 

0410 


38o2 
455o 
5296 
6041 
6785 
7527 
826H 
9008 
9746 
0484 


3877 
4624 
5370 
6ii5 
6859 

til 

6557 


9i56 


4027 

5D20 

6264 
7007 

8400 

923o 
9968 
0705 


4101 
4848 
55o4 
6338 
7082 
7828 
8564 
9808 
••42 
0778 




590 
591 
592 
593 
594 
595 
596 
597 
598 
599 


770852 
1 587 

2322 

3o55 
3786 

ful 
5974 
6701 
7427 


2395 
3i28 
386o 
4590 
5319 
6047 
6774 
7499 


0909 
17^4 
2468 
3251 

4663 
5392 
6120 

6846 
7672 


2542 
3274 
4006 

4736 
5465 
6193 
6019 
7644 


1 146 
1881 

261 5 
3348 
4079 
4800 
5538 
6265 
6992 
7717 


1220 
1955 
2688 
3421 
4i52 
4882 
56io 
6338 
7064 
7789 


1293 
2028 
2762 

liti 
4955 

5683 
6411 

7862 


i367 
2102 
2835 
3567 
4298 
5028 
5756 
6483 
7209 
7934 


1440 
2175 
2908 
3640 
4371 
5ioo 
5829 
6556 
7282 
doo6 


i5i4 
2248 
2981 
8718 
4444 
5173 
5902 
6629 
7854 
8079 




600 
601 
602 
608 
604 
605 
606 
607 
608 
609 


778161 
8874 
9596 

780817 
1037 
,755 
2473 
3189 
3904 
4617 


8224 
8947 
9669 
6389 
1 1 09 
1827 
2544 
3260 

X 


8296 
9019 
9741 
0461 
1181 

ltd 

3332 
4046 
4760 


8368 
9091 
9813 
6533 
1253 

3403 
4118 
483i 


8441 
9163 
9885 
66o5 
i324 
2042 

11^ 

4189 
490a 


85i3 
9236 
9957 
0677 
1396 
2114 
283 1 
3546 
4261 
4974 


8585 
9308 
••29 
0749 
1468 
2186 
2902 
36i8 
4332 
5o45 


8658 
9880 
•10 1 
0821 
i54o 

2258 

1^ 

44o3 
5ii6 


8780 
9452 
•173 
0898 
1612 
2829 
3o46 
3761 
4475 
5167 


8802 
9524 
•245 
0965 
1684 
2401 
3117 
3832 
4546 
5259 




610 
611 
612 
618 
614 
615 
616 
617 
618 
619 


785330 
6041 
6761 
7460 
8168 

790285 
0988 
1691 


5401 
6II2 

6822 
7531 
8239 
8946 
9651 

0356 
1069 
1761 


5472 
6r83 
6893 
7602 
83io 
9016 
9722 
0426 
1129 
i83i 


5543 
6254 

9087 
9792 
0496 
1199 
1901 


56i5 
6325 
7035 

845i 

1269 
1971 


5686 
6396 
7106 
7815 

8522 

9228 
9933 
0637 
i34o 
2041 


5757 
6467 

W^ 

8S93 

0707 
1410 
2III 


5828 
6538 

7248 

0778 
1480 
2181 


6669 
7819 
8027 
8734 
9440 
•144 
0848 
i55o 

2252 


8804 
9610 

•2l5 

0918 
1620 
2822 


70 
70 
70 
70 


620 
621 
622 
628 
624 
625 
626 
627 
6'i8 
629 


792392 
3092 

5i85 
588o 
6574 
7268 

21^ 


2462 
3i62 
3860 
4558 
5254 

til 

8720 


2532 

323 1 
3930 
4627 
5324 
6019 

I 
M9 


2602 
33oi 
4000 

6088 
6782 

7475 
8167 
8858 


2672 
3371 

4070 

5463 
6i58 
6852 
7545 
8236 
8927 


2742 
3441 
4^39 

5532 
6227 
6921 
7614 
63o5 
8996 


2812 

35ii 
6297 

% 

8374 
9065 


2882 

358i 

4279 
4976 
5672 
6366 
7060 

2S 

9134 


It 

til 
5741 
6486 

7129 
7821 

85i3 
9203 


3022 
3721 

^:i 

58ii 
65o5 

7198 

& 

9272 


70 
70 
70 
70 

69 


630 
631 
632 
633 
634 
685 
686 
687 
638 
639 


799341 

800029 

0717 

1404 

2089 

lll^ 
4139 
4821 
55oi 


0786 
1472 
2i58 
2842 
3525 
4208 
4889 
5569 


9478 
0167 
o854 
i54i 
2226 
2910 
3D94 
4276 


0023 
1609 
2295 

4344 
5o25 
5705 


9616 
o3o5 

Xs 

2363 
3o47 
3730 
4412 
5093 
5773 


9685 
0373 
1061 

n47 

2432 

3ii6 
3708 
4480 
5i6i 
5841 


9754 
0442 

Isi? 

25oo 
3i84 
3867 
4548 

'a 


9823 
o5ii 

Vsh 

2568 

3252 

3935 
4616 


1266 
1952 
2687 
3321 
4oo3 
4685 
5365 
6044 


i335 
2021 
2705 
3889 

5438 
6112 


68 
68 
68 
68 


N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 
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N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 


640 
641 
642 
. 648 
644 
645 
646 
647 
648 
649 


806180 
6858 
7535 
8211 
8886 
9560 

810233 

2245 


6248 
6926 

7603 
8279 

9?27 
o3oo 
0971 
1642 

23j2 


63i6 

2346 
9021 
9694 
o367 
1039 
1709 
2379 


6384 
7061 

2S 

9088 
9762 
0434 
1 106 
1776 
2445 


6451 

\^- 

8481 
91 56 
9829 
o5oi 
1173 
1843 

25l2 


65i9 

9223 

1240 
1910 
2579 


6587 
7264 

9200 

9964 

6636 
i3o7 

112 


6655 
7332 
8008 
8684 
9358 
••3 1 

2044 

2713 


6723 
7400 
8076 
8751 
9425 
••98 
0770 
1441 
2111 
2780 


6790 

6i4i 
8818 
9492 

•i65 
.0837 
i5o8 
2178 
2847 


68 
68 
68 

67 

67 
67 


650 
651 
652 
658 
654 
655 
656 
657 
658 
659 


812913 

3d8i 
4248 
4oi3 
5578 
6241 

^i 

8226 

8885 


2980 

3648 
43i4 

'^ 

63o8 

8292 
8951 


3047 
3714 
438i 
5046 

6^74 
7oi6 

U 

9017 


3ii4 
3781 
4447 
5ii3 

5777 
6440 
7102 
7764 
8424 
9083 


3i8i 
3848 
45i4 

^5^ 
65o6 

783© 
8490 
9149 


^247 
3914 

4581 
5246 
5910 
6573 

7235 

m 

9215 


33i4 

4647 
53ii 
5976 
6639 
7301 

9281 


338i 
4048 
4714 
5378 
6042 
6705 

8688 
9346 


3448 
41 14 

4780 
5445 
6109 

6771 

8094 
8754 
9412 


35i4 
4181 
4847 
55ii 
6175 
6838 

2f^ 

8820 
9478 


67 

66 
66 
66 
66 
66 
66 


: 660 

. 661 

662 

! 663 

- 664 

665 

666 

667 

, 663 

. 669 


819544 
820201 
o858 
i5i4 
2168 
2822 
3474 
4126 
4776 
5426 


9610 
0267 
0924 
1 579 

2233 

2887 
3539 
4I9I 
4841 

5491 


2209 

2952 
36o5 
4256 
4906 
5556 


9741 

in 

1710 

2364 
3oi8 
3670 
4321 

4971 
5621 


9807 
0464 
1 1 20 

2430 
3o83 
3735 
4386 
5o36 
5686 


1186 
1 841 
2495 

3i48 
3800 
445 1 
5ioi 
5751 


A 

32i3 
3865 
45i6 
5i66 
58i5 


•••4 
0661 
i3i7 
1972 
2626 

458i 
523 1 
588o 


••70 
0727 
i382 
2037 
2691 
3344 

4646 
5296 
5945 


•i36 

0792 
1448 

2103 

2756 
3409 
4061 

5]6l 
6010 


66 
66 
66 
65 
65 
65 
65 
65 
65 
65 


670 

671 

672 

678 

674 

. 675 

• 676 

677 

= 678 

679 


826075 
6723 

h 

8660 
9304 

83??89 

I230 

1870 


6140 

6787 

8724 

9368 
••11 
0653 


6204 
6852 

8789 

943 a 

-75 

1998 


6269 

%l 

8209 
8853 
9497 
•i39 
0781 
1422 
2062 


6334 
6981 
7628 
8273 
8918 
956i 
•204 
0845 
i486 
2126 


6399 
7046 

hfs 
8982 
9625 
•268 
0009 

i5oo 
2 J 89 


6464 

7757 
8402 
9046 

&. 

0973 
1614 

2253 


6528 

7175 
7821 
8467 
9111 

1037 
1678 
23i7 


6593 
7240 
7886 
853 1 
9175 
9818 
•460 
1102 
1742 
238i 


6658 
73o5 

2f 

9239 
9882 
•525 
1166 
1806 
2445 


65 
65 
65 
64 
64 
64 
64 
64 
64 
64 


680 
6S1 
682 
688 
684 
685 
686 
687 
688 
689 


832509 
3i47 
3784 
4421 
5o56 
5691 
6324 

^U 

8219 


2573 
32II 

3848 
4484 

5l20 

5754 
6387 
7020 
7652 
8282 


2637 

327D 
30I2 

4548 

5i83 
5817 
645i 
7083 


2700 
3338 

r, 

5247 
588i 
65i4 
7146 


2764 
3402 
4039 
4675 
53io 

6?77 
7210 


2828 
3466 
4io3 

6007 

6641 

7273 

2d34 


2892 

353o 
4166 
4802 
5437 
6071 
6704 
7336 

It] 


2956 
3393 
423o 
4866 
55oo 
6i34 
6767 

h 

8660 


3020 

3657 
4294 

mi 
%u 

7462 
8093 
8723 


3o83 
3721 
4357 

i^\ 
6261 
6894 
7525 

81 56 
8786 


64 
64 
64 
64 
63 
'63 
63 
63 
63 
63 


690 
691 
692 
698 
694 
695 
696 
697 
693 
699 


838840 
9478 

840106 
0733 

3233 
3855 
4477 


8012 
9541 
0160 
0796 
1422 
2047 
2672 
3295 


8075 

9604 

0232 
0859 

1485 
2110 
2734 
3357 
3980 
4601 


9o38 
9667 
0294 

X^ 

2172 
2796 
3420 
4042 
4664 


9101 

0357 
0984 
161 

2235 

2859 
3482 
4104 
4726 


9164 
9792 
0420 
1046 
1672 
2297 
2021 
3544 
4166 
4788 


'^11 

0482 

\]^ 

236o 
2983 
36o6 


9280 
9918 
0545 
1172 

1797 
2422 
3046 
3669 
4291 
4912 


9352 

1234 
i860 
2484 

3io8 
3731 
4353 
4974 


94i5 
••43 
0671 
1297 
1922 

2347 

3170 

379? 

4413 
5o36 


63 
63 
63 
63 
63 
62 
62 
62 
62 
62 


N. 


.0 


1 


2 


8 


* 


5 


6 


7 


8 


9 


D. 
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LOOABITHMS OF NUUBEBS. 



N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


V>. 


700 
701 
702 
708 
704 
705 
706 
707 
708 
709 


845098 
5718 
6337 

9410 

85oo33 

0646 


5i6o 
5780 
6i99 
70»7 
7634 
825i 
8866 
9481 
0095 
0707 


5222 

5842 
6461 

E 

8028 
9542 
oi56 
0769 


5284 

6?^3 
7141 

89^9 
9604 
0217 
o83o 


5346 

6?85 
7202 

905 1 
9665 
0279 
0891 


5408 
6028 
6646 
7264 
7881 

8497 
9112 
9726 
o34o 
0952 


5470 
6090 
6708 
7326 

It, 

0401 
1014 


5532 
6i5i 

8004 
8620 
9235 

9849 
0462 
1075 


5594 
62i3 
6832 

m 

8682 
9297 

o524 
ii36 


5656 
6275 
6894 
7511 

8128 
8743 
9358 

X5 

1 197 


63 

63 
62 
62 
62 
62 
61 
61 
61 
61 


710 
711 
712 
718 
714 
715 
716 
717 
718 
719 


851258 
1870 
2480 
3ooo 
3698 
43o6 

6124 
6729 


1 320 

3i5o 

6i85 
6789 


i38i 
1092 
2602 

3211 

3820 
4428 
5o34 
5640 
6245 
685o 


1442 
2o53 
2663 
3272 
388 1 
4488 
5095 
5701 
63o6 
6910 


i5oJ 
2114 
2724 
3333 
3941 

fM 

5761 
6366 
6970 


27^5 
3394 
4002 
4610 
5216 

5822 

6427 

7o3i 


1625 

2236 

2846 
3455 

4o63 
4670 

llll 
6487 
7091 


1686 

2297 
2907 
35i6 
4124 
4731 
5i37 
5943 

7i52 


nil 

4i85 

Utl 

6oo3 
6608 
7212 


1809 

2419 
3029 
3637 
4245 
4852 
5459. 
6064 
6668 
7272 


61 
61 
61 
61 
61 
61 
61 
61 
60 
60 


720 
721 
722 
728 
724 
725 
726 
727 
728 
729 


857332 

It, 

9i38 
86o33? 

%l 

2l3l 

2728 


7393 
9198 

11^ 

0096 
1594 
2191 

2787 


7453 
8o56 
8657 
9258 
985o 
0458 
io56 
i654 

225l 

2847 


75i3 
8116 
8718 
9318 
9918 
o5i8 
1116 

nu 

23lO 

2906 


7574 
8176 
8778 
9370 

1176 

1773 
2370 
2966 


7634 
6236 
8838 

0637 
1536 
1 833 
243o 
3o25 


Itsl 


Tu 

0757 
i355 
iq52 
2549 
3i44 


7815 
8417 
9018 

0817 

I4i5 
2012 
2608 
3204 


2875 

8477 
9078 
9679 

•278 

t]l 

2072 
2663 
3263 


60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


780 
731 
782 
788 
784 
785 
786 
787 
788 
789 


863323 
3017 
45ii 
5io4 
5696 
6287 
6878 

n 

8644 


3382 

3977 
4570 
5i63 

6^46 

^ll 

8ii5 
8703 


3442 

4o36 
463o 

5222 

58i4 
6405 

5^ 

8174 
8762 


35oi 
4006 
4689 
5282 
5874 
6465 
7055 

^233 
8821 


356i 
4155 
4748 
5341 
5o33 
6524 
7114 
7703 
8292 
8879 


3620 
4214 
4808 
5400 

im 
7173 
7762 

835o 
8938 


368o 
4274 
4867 
5459 
6o5i 
6642 
7232 
7821 
8409 
8997 


11^ 

4926 
55i9 
6110 
6701 

8468 
9o56 


3799 
43o2 

6169 
6760 
7350 

III', 

9114 


3858 
4452 
5045 
5637 
6228 
6819 

9173 


1 
1 


740 
741 
742 
743 
744 
745 
746 
747 
748 
749 


869232 

9818 

870404 

1^ 

2i56 
2739 
3321 
3902 
4482 


9290 

9877 
0462 

1047 
i63i 

22l5 

2797 
3379 
3960 
4540 


002 1 
1106 
1690 
2273 

2855 
3437 
4018 
4598 


9408 
9994 
o579 
1 164 
1748 
233 1 
2913 
3495 
4076 
4656 


2i^ 

0638 

1223 
1806 
2389 
2972 

3553 
4i34 
4714 


9525 
•ill 

i865 
2448 
3o3o 
3611 
4192 
4772 


9584 
•170 
0755 

II 

3o88 
3669 
42 5o 
4830 


9642 
•228 
o8i3 

\X 

2564 
3i46 
3727 
43o8 
4888 


9701 
•287 
0872 
1456 
2040 
2622 
3204 
3785 
4366 
4945 


2^^ 

2098 
2681 
3262 

3844 
4424 
5oo3 


59 

58 
58 
58 
58 
58 
58 
58 


750 
751 
752 
758 
754 
755 
756 
757 
758 
759 


875061 
5640 
6218 
6795 

7371 

mi 
^^ 

880242 


56^? 
6276 
6853 
7429 
8004 
8579 
9153 
9726 

02Q9 


5i77 

6333 
6910 
7487 
8062 
8637 
9211 
9784 
o356 


5235 
58i3 
6391 
6q68 
7544 
8119 
8694 
9268 
9841 
o4i3 


5293 
58^. 
6449 
7026 
7602 
8177 
8752 
9325 
9898 
0471 


5351 
6?o? 

7083 
7659 
8234 
8809 

9383 


5409 

7141 

7717 
8292 
8866 
9440 
••i3 
o585 


5466 
6045 
6622 
7199 

8349 
8924 
9497 
••70 
0642 


5524 
6102 
6680 
7256 
7832 
6407 

9?55 

0699 


5582 
6160 

7889 
8464 
9039 
9612 

•i85 
0756 


58 
58 
58 
58 
58 

1 


N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


D. 



LOOABTTBHS OF NUMBEBS. 



23 



N. 





1 


2 


8 


4 


5 


6 


7 


■ 8 


9 


B. 


760 
761 
762 
763 
764 
765 
766 
767 
763 
769 


880814 
i385 

I0D5 

2625 

^? 

4220 

ii 

5926 


0871 
1442 
2012 

258i 
3i5o 
3718 
4285 
4852 
5418 
5oa3 


0928 

2009 
2638 
3207 
3775 
434a 
4909 
5474 
6039 


2126 
2695 
3264 

3832 

5?3i 
6006 


1042 
i6i3 
2i83 
2752 
3321 
3888 
4455 

5022 

5587 
6i52 


1099 
1670 
2240 
2809 

S 

5078 
5644 
6209 


ii56 

1727 

3434 
4002 

5i3d 
5700 
626D 


12l3 

1784 

2354 
2923 
3491 
4059 
4625 
5192 


1271 
1841 
241 1 
2980 
3648 
4ii5 
4682 
6248 
58i3 
6378 


i328 
1898 
2468 
3o37 
36o5 
4172 

il^ 

5870 

64i4 


1 

56 


770 
771 
772 
773 
774 
775 
776 
777 
778 
779 


886491 
7064 
J617 
6179 
8741 
9302 
.9862 
890421 


6547 
7111 

9918 

0477 
io35 
1593 


6604 
7167 
j73o 
8292 
8853 
9414 

1091 
1649 


6660 
7223 

2I48 
8909 
9470 
••30 
0589 

1705 


6716 
7280 
7842 
8404 
8965 

••86 
0645 

I203 

1760 


7336 

IX 

9021 
9582 
•141 
0700 
1259 
1816 


6829 
7302 

2di6 

i3i4 

1872 


6885 

^i 

0812 
1370 
1928 


6942 
7605 
8067 
8629 

1426 
1983 


6123 
8685 
9246 
9S06 
•365 
0934 
1482 
2039 


56 
56 
56 
56 
56 
56 
56 
56 
56 
56 


780 
781 
782 
783 
784 
785 
786 
787 
788 
789 


3207 

'^% 

4870 
5423 

nil 

7077 


2i5o 

2707 
3262 

38i7 
4371 
4925 
5478 
6o3o 
658i 
7132 


2206 

2762 

3ii8 
3873 
4427 
4980 
5533 
6o85 
6636 
7187 


2262 
1^18 
3373 
3928 
4482 
5o36 
5588 
6140 
6692 
7242 


23i7 
2873 
3429 
3984 
4538 
5091 
5644 
6195 
6747 
7297 


2373 
5i46 

^^ 

6802 
7352 


2429 
2985 
3d4o 
4094 
4648 

5201 

5754 

63o6 
6857 
7407 


2484 
3040 

5809 

6361 
6912 
7462 


2540 

42o5 

5864 
6416 
6067 
7S17. 


3706 
4261 
4814 
5367 
5920 

6471 
7022 
7572 


56 
56 
56 
55 
55 
55 
55 
55 
55 
55 


790 
791 
792 
798 
794 
795 
796 
797 
793 
799 


X2 

8725 
9273 
9821 

1408 

2003 

2547 


7687 
823i 
8780 
9323 
9S75 
0422 
0968 
i5i3 
2057 
2601 


VM 

8835 
9383 
9930 
0476 
1022 
.567 
2112 
2655 


III] 

8890 
9431 

1077 
1622 
2166 
2710 


8944 

ii3i 
1676 

222E 
2764 


8099 
9^47 
••94 
0640 
1186 
1731 
2273 
2818 


in 

9054 
9602 
•149 
0695 
1240 

1785 
2^20 
2873 


8012 
856i 

v>n 

•203 

0749 
1295 
1840 

2384 
2927 


9164 

mi 

0804 
1 349 
1894 

2438 
2981 


8122 
8670 
9218 

0859 
1404 
1948 
2492 
3o36 


55 
55 
55 
55 
55 
55 
55 
54 
54 
54 


800 
801 
802 
' 803 
804 
805 
806 
807 
808 
809 


is? 

5256 

lit. 

6874 
741 1 
7949 


3i44 

3687 
4229 

4770 
53io 
5850 
6389 

tl 

8002 


3199 
3741 
4283 

i%i 

6081 


3253 
3i95 
4337 
4876 
5418 
5958 

7573 

duo 


3307 

3849 

4391 

49^2 
5472 
6012 
655i 
7080 
7626 
8i63 


336i 
3904 
4445 
4986 

5D26 

6066 
6604 
7143 
7680 
8217 


3416 
3958 

4499 
5o4o 
558o 
6110 
6658 
7106 
7734 
8270 


3470 
4012 

4553 
5094 
5634 
6173 
6712 
725o 


3524 
4066 
4607 

5148 
5688 

7304 
7841 
8378 


3578 
4120 
4661 

5202 
5742 
6281 
6820 

7358 

1% 


54 
54 
54 

54 

54 
54 

l^ 
54 


810 
811 
812 
813 
814 
815 
816 
817 
818 
819 


908485 
9021 
9556 

910091 
0624 
ii58 
1690 
2222 
2753 
3284 


8539 
9074 
9610 
0144 
0678 
1211 
1743 
2275 
2806 
3337 


8592 
9128 
9663 
0107 
0731 
1264 

nil 

2859 
3396 


8646 
9I8I 
9716 

025l 

0784 

i3i7 
i85o 
238i 
2913 
3443 


9770 
o3o4 
o838 
1371 
1903 
2435 
2066 
3496 


8753 

o358 
0891 
1424 
1956 
2488 
3019 
3549 


8807 
9342 
9877 
041 1 
0944 

1477 
2009 
2541 
3072 
3602 


8860 
9306 
9930 
0464 

2o63 

3655 


8914 
9449 

io5i 
1 584 
2116 

317? 
3708 


0571 
1 104 
1637 
2169 
2700 
323i 
3761 


54 
54 
53 
53 
53 
53 
53 
53 
53 
53 


N. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 



u 



LOOABTTHUS. OF. KpUBEBS. 



N. 

820 
821 
8titi 
823 
824 
825 
82rt 
827 
828 
829 





1 


2 


8 


4 • 


■%n 


|«| 


^^7.:^ 


■8 


.9 


I). 


9i38i4 

^4343 

4872 

5400 

5927 
6454 
6980 
7606 
8o3o 
8555 


439? 
4925 
5453 
5980 
6607 
7033 
7558 
8o83 
8607 


3920 
4449 

nil 

6o33 
6559 
7085 
7611 
8i35 
8659 


3073 
45d2 
5o3o 
5558 
6o85 
6612 
7i38 

3i88 
8712 


4026 
4555 
5o83 
§611 
6i38 
6664 
7190 
pi6 
8240 
8764 


5i36 
5664 
6191 
6717 
7243 

11^ 

8816 


4132 
4660 
5i8o 
5716 
6243 
6770 
7295 
7820 
8345 
8869 


4184 
4713 
5241 

ll^ 

6822 
7348 

8921 


4237 
4766 

'5822 

6349 
6875 
7400 

8450 
8973 


4290 
4819 

it? 

6401 

ml 

9026 


53 
53 
.53 
53 
53 
53 
53 
52 

52 
52 


830 
881 
882 
838 
884 
885 
836 
887 
888 
839 


919078 
9601 

920123 
0645 
1166 
1686 
2206 
2725 
3244 
3762 


9i3o 
9653 
0176 
0697 
1218 
1738 

2258 

IIV. 

38i4 


9183 
9706 
0228 
0749 
1270 
1790 

23lO 

2829 

3348 

3865 


9235 
9758 
0280 
0801 

l322 
1842 
2362 
2881 
3399 

3917 


9287 
9810 
o332 
o853 
1374 
1894 
2414 
2933 
345i 
3969 


9340 
9862 
0384 
0906 
1426 
1946 
2466 
2o85 
35o3 
4021 


9392 
9914 
0436 
0958 
1478 

\^s 

3o37 
3555 
4072 


9444 
9967 
0489 

lOIO 

i53o 
2o5o 
2570 
3089 
3607 
4124 


9496 
••19 
o54i 
1062 
i582 
2102 
2622 
3 140 
3658 
4176 


2^? 

0593 
1114 

i634 
2i54 
2674 
3192 
3710 
4228 


52 

52 

52 

52 

52 

52 

52 . 

52 

52 

52 


840 
841 
843 
84S 
844 
845 
84» 
847 
848 
849 


924379 
4796 
53i2 
5828 
6342 
6857 

]Ul 

^396 
8908 


433i 
4848 
5364 
5879 
6394 
6908 
7422 
2935 
8447 
8959 


4383 

5931 
6445 
6950 

'd 

8498 
9010 


4434 
4951 

5467 
5982 

6497 
70H 
7524 
8037 

8549 
9061 


4486 
5oo3. 
55i8 
6o34 
6548 
7062 

8601 
9112 


4538 
5o54 
5570 
6085 
6600 
7114 
7627 
8140 
865? 
9163 


5621 
6137 
665i 
7i65 
2678 
8191 
8703 
9215 


4641 

6188 
6702 
7216 
273o 
8242 
8754 
9266 


4693 
5209 
5725 
6240 
6754 
7268 

11% 

88o5 
9317 


4744 
5261 
5776 
6291 
68o5 

7832 
8345 
8857 
9368 


52 
52 
52 

5i 
5i 
5i 
5i 
5i 
5i 
5i 


850 
851 
852 
853 
854 
855 
856 
857 
858 
859 


929419 

9930 

930440 

1966 
2474 
2981 
3487 
3993 


9470 
9981 
0491 
1000 
,509 
2017 

2524 

3o3i 
3538 
4044 


9521 

••32 

o542 
io5i 
i56o 
2068 
2575 
3082 
3589 
4094 


9572 
••83 
0592 
1 102 
1610 
2118 
2626 
3i33 


9623 
•i34 
0643 
ii53 
1661 
2169 
2617 
3i83 
3690 
4195 


0694 

1204 

I7I2 

2220 

vv 

3234 
3740 
4246 


0745 
1254 
1763 
2271 
2778 
3285 
3791 
4296 


?3?5 
1814 

2322 
2829 

3335 
3841 
4347 


0847 
i356 
i865 
2372 

33^ 
3892 
4397 


0898 

1915 
2423 
2930 
.3437 
3943 
4448 


5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 


860 
861 
862 
868 
864 
865 
866 
867 
868 
869 


934498 
5oo3 
55o7 
6011 
65i4 
7016 
7518 
8019 
8520 
9020 


4549 
5o54 
5558 
6061 
6564 
7066 
7568 
8069 
8570 
9070 


4599 
5io4 
56o8 
6111 
6614 

81 19 
8620 
9120 


465o 
5i54 
5658 
6162 
6665 

8169 
8670 
9170 


4700 
52o5 
5709 
6212 
6715 

7217 
271^ 
8219 
8720 
9220 


4751 
5255 
5759 
6262 
6765 
7267 
7769 
8269 
8770 
9270 


4801 
53o6 
5809 
63i3 
681 5 
7317 

8320 
8820 
9320 


4852 
5356 
586o 
6363 
6865 

7869 
8370 
8870 
9369 


4902 
5406 
5910 
64i3 
6916 
7418 

7919 
8420 
8920 
9419 


4953 
5457 
5960 
6463 
6966 
7468 

8470 
8970 
9469 


5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
50 


870 

871 
872 
873 
874 
875 
876 
877 
878 
879 


939510 
940018 
o5i6 
1014 
i5ii 
2008 
25o4 
3ooo 


2^ 

o566 
1064 
i56i 
2058 
2554 
3o49 
3544 
4o38 


9619 
0118 
0616 
1114 
161 1 
2107 
26o3 
3099 
35o3 
4088 


0666 
ii63 
1660 
2i57 
2653 
3148 
3643 
4137 


9719 
0218 
0716 
I2l3 

I7IO 

2207 
2702 
3198 

36q2 
4186 


9769 
0267 
0765 
1263 
1760 

2256 

2752 
3247 
3742 

4236 


9819 
o3i7 
081 5 
i3i3 
1809 
23o6 
2801 
3297 


9869 
o367 
0865 
i362 
1859 
2355 
285i 
3346 
3841 
4335 


9918 

0417 
0915 
1412 
1909 
24o5 
2901 
3396 
3890 
4384 


9968 
0467 
0964 
J 462 
1958 
2455 
2950 
3445 

I'M 


5o 
5o 
5o 
5o 
5o 
5o 
5o 
49 
49 
49 


N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


J), 
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25 



N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


!>• 


880 
; 881 
882 
883 
884 
885 
886 
887 
883 
889 


944483 

5961 
6452 
6943 
7434 

8902 


4532 
5o25 
55i8 
6010 
65oi 
6992 
lA^ 
7Q73 
8462 
8951 


458i 
5074 
5567 
6o5q 
655i 
7041 

7532 

8022 
85ii 
8999 


463i 
5i24 
56i6 
6108 
6600 
7090 
758i 

9048 


4680 

Ull 

6157 
6649 
7140 
7630 
^119 
8609 
9097 


4729 

5222 
5715 
6207 
6698 
7189 

3?6^§ 
8657 
9146 


4779 
5272 
5764 
6256 

8706- 
9195 


4828 

5321 

58i3 

63o5. 

6706 

7287 

IIU 
8755 
9244 


f?77 
5370 
5862 
6354 
6845 
7336 
7826 
d3i5 
8804 
9292 


4927 
5419 
5912 
64o3 
6804 
7385 

lUl 

8853 
9341 


49 
49 
49 

i^ 
49 

49 

49 

49 

49 

49 


890 
891 
, 892 
i 893 
894 
895 
896 
897 
898 
899 


949390 

95o365 
o85i 
i338 
1823 
23o8 
2792 
3376 
3760 


9439 
9926 
0414 
0900 
1386 
1872 
2356 
2841 
3325 
38o8 


9488 
9975 
0462 

1920 

24o5 
2889 
3373 
3856 


9536 
••24 
o5ii 

Zl 

2453 
2938 
3421 
3905 


1046 
1 532 
2017 

2502 
2986 
3470 
3953 


9634 
•121 
0608 
1095 
i58o 
2066 
255o 
3o34 
35i8 
4001 


9683 
•170 

1629 
2114 

!^ 

3566 
4049 


9731 
•210 
0706 
1 192 
1677 
2i63 
2647 
3i3i 
361 5 
4098 


9780 
•267 
0754 
1240 
1726 
2211 
2696 
3i8o 
3663 
4146 


o8o3 

\^ 

2260 
2744 
3228 
3711 
4194 


49 
49 
49 
49 

48 
48 


900 
901 
902 
908 
904 
905 
906 
. 907 
908 
909 


954243 
4725 
6207 
5688 
6168 

8564 


4291 

4773 

5235 

5736 
6216 
6697 

]ii 

8i34 
8612 


4339 
4821 
53o3 
5784 
6265 
6745 
7224 

l]f: 
8639 


4387- 

4869 

535i 

5832 

63i3 

6793 
7272 
p5i 
8229 
8707 


4435 
4918 
5399 

5880 
6361 
6840 
7320 
7799 


4484 
4966 
5447 
5928 
6400 
6888 
7368 

llil 

88o3 


4532 
5oi4 
5495 

7416 
885o 


458o 
5o62 
5543 
6024 
65o5 
6984 
7464 
7942 
8421 
8898 


4628 
5iio 
5592 
6072 
65d3 
7o32 
7512 

8946 


til 

5640 
6120 
6601 
7080 

^ 

85i6 
8994 


48 
48 
48 
48 

4? 
48 

48 

48 
48 
48 


910 
911 
912 
918 
914 
915 
916 
917 
918 
919 


959041 
9618 
9995 

960471 
0946 

142 1 

1895 
236o 
2843 
33i6 


••42 
o5i8 
0994 
1460 
1943 
2417 
2890 
3363 


9^37 

1041 

i5i6 
1990 
2464 
2937 
3410 


9185 
9661 
•i38 
o6i3 

I56? 
2038 

25ll 

2985 
3457 


9232 

0661 

ii36 
1611 
2o85 
2559 
3o32 
35o4 


9280 
9757 
•233 
0709 
1 184 
1658 

2l32 

2606 


9328 
9804 
•280 
0756 

I23l 

1706 
2180 
2653 
3126 
3599 


9375 
9852 
•328 
0804 

\^n 

2227 
2701 
3174 
3646 


9423 

o85i 
i326 
i8oi 
2275 
2748 

3221 
3693 


9471 

0899 

1848 

2322 
2795 
3268 
3741 


48 
48 

^? 
48 

47 

47 

47 

47 

47 

47 


920 
921 
922 
928 
924 
925 
926 
927 
928 
929 


963788 
4260 
4731 

5202 
5672 
6142 
6611 
7080 
7548 

doi6 


3835 
4307 
477» 
5249 

6189 
.6658 

id 


3882 
4354 
4825 
5296 

5766. 
6236 
6705 
7173 
7642 
8109 


3929 
4401 
4872 
5343 
58i3 
6283 
6732 
7220 
7688 
81 56 


4448 

5860 
6329 
6799 

pi 


4024 
4495 
4966 
5437 

6845 
7314 
7782 
8249 


4071 
4542 
5oi3 
5484 
5954 
6423 
6892 
7361 


4118 
4590 
5o6i 
553i 
6001 
6470 
69io 
7408 

3343 


4i65 
4637 
5io8 
5578 
6048 
65i7 
6986 
7454 

2?^ 


4212 

4684 
5i55 
5625 

7033 
7501 

2!^6 


47 
47 
47 
47 
47 
47 
47 
47 
47 
47 


980 
931 
982 
933 
984 
U5 
986 
987 
938 
989 


968483 
8950 
9416 
9882 

970347 
0812 
1276 
1740 

2203 
2666 


853o 

9463 

o393 
o858 

l322 

1786 
2249 
2712 


8576 
9043 
9D09 
9975 
0440 
0904 
i369 
i832 
2295 
2758 


8623 
9090 
95d6 
••21 
0486 
0951 
I4i5 
1879 
2342 
2804 


8670 
91^6 
9602 
••68 
o5?3 
09-J7 
I4!'i 
1975 
23^8 
283i 


8716 
9183 
9649 
•114 
0579 
1044 
i5o8 
1971 
2434 
2897 


8763 
9229 

0626 
1090 

1554 
2018 
2481 
2943 


8810 
9276 
9742 
•207 
0672 
ii37 
1601 
2064 
2527 
2989 


8856 
9323 
9789 

•2D4 

1647 

2II0 
2573 

3o35 


8903 

i^ 

•3oo 
0765 
1229 

1% 

2619 
3082 


47 
47 
47 
47 
46 
46 
46 
46 
46 
46 


N. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


P. 
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LOOABTTHUS OF mJUBEBS. 



N. 





1 


2 


8 


4 


5 


6 


7 


8 


9 


B. 


940 
941 
942 
948 
944 
945 
946 
947 
948 
949 


973 I aS 

it 

45ia 

pi 

6808 
7266 


1^ 

a 

5oi8 
5478 

68?4 
73ia 


3220 

3682 
4143 
4604 
5o64 
5524 
5983 
6442 
6900 
7358 


3266 
3728 
4189 
465o 
5iio 
5570 
6029 
6488 
6946 
74o3 


33i3 

4606 

5i56 
56i6 
6075 
6533 
6992 
7449 


3359 
3820 
4281 
4742 

5202 

566a 
6121 
6579 


34o5 
3866 

4327 

478d 
5248 

6167 
6625 
7083 
7541 


3451 
3qi3 

5294 
5753 
6212 
6671 


4420 
4880 
5340 

6717 
7175 
7632 


3543 
4oo5 
4466 
4926 
5386 
5845 
63o4 
6763 
7220 
7678 


46 
46 
46 
46 
46 
46 
46 
46 
46 
46 


950 
951 
952 
958 
954 
955 
956 
957 
958 
959 


977724 
8181 
8637 
9093 
9548 

980003 
0458 
0912 
i366 
1819 


11^ 
8683 
9i38 
9594 
0049 
o5o3 
0957 
1411 
1864 


7815 
8272 
8728 
9184 
9639 
0094 
o54o 
ioo3 
1456 
1909 


8774 
9230 
9685 
0140 
0394 
1048 
i5oi 
1954 


2?^ 

8810 
9275 
9730 
01 85 
0640 
1093 
1 547 
2000 


795a 
8409 
8865 
9321 
9776 

023 1 

o685 
1 139 
1592 
2045 


It 

8911 
9366 
9821 
0276 
0730 
1 184 
1637 
3090 


8043 
85oo 
8956 
9412 
9867 

0322 
0776 
1229 

1683 
2i35 


8089 
8546 
9002 
9457 
9012 
o367 
0821 
1275 
1728 
3181 


8i35 
8591 

lit] 
9958 

0412 

0867 

l320 

1773 

aa26 


46 

46 

46 

46 

46 

45 

45 

45. 

45 

45 


960 
961 
962 
968 
964 
965 
066 
967 
963 
969 


982271 
2723 
3175 
3626 

4077 
4527 

itu 

5875 
6324 


23i6 
2769 

3220 
3671 
4122 

4572 

5o2a 
5471 
5920 
6369 


2362 

2814 
3265 
3716 
4.67 
4617 

5965 
64i3 


2407 
2859 
33io 
3762 
4212 
466a 
5iia 
556i 
6010 
6458 


2452 

3807 
4257 

6o55 
65o3 


2497 
2949 
3401 
3852 
43o2 
4752 

5202 

565i 
6100 
6548 


2543 
2994 
3446 
3897 
4347 
4797 

5696 
6144 
6593 


2588 
3o4o 
3491 
3o42 
4J92 
4842 
5292 
5741 
6189 
6637 


2633 
3o85 
3536 
3987 
4437 
4887 

578^ 
6234 
6682 


2678 
3i3o 
3581 
4o32 
4482 
4932 
538a 
583o 
6279 
6727 


45 
45 

45 
45 
45 
45 


970 
971 
972 
978 

974 
97? 
9:6 
977 
978 
979 


986772 

j^ 

8ii3 
855q 
900D 
945o 


6817 
7264 

8157 
8604 
9049 

ob27 


6861 

P 

8202 
8648 
9094 

^8? 
0428 
0871 


s 

7800 
8247 
8693 

9i38 

9583 

*«28 

047a 
0916 


6o5i 
7398 
7845 
8291 

ii 

o5i6 
0960 


6996 
7443 

& 

8782 
9227 
9672 
•117 
o56i 
1004 


7040 
7488 

8826 
9272 
9717 

•i6i 
o6o5 
1049 


7o85 
7532 

m 

8871 
9316 
9761 
•206 

o65o 
1093 


7i3o 

til 
8470 
8916 
936i 

tt 


7.75 
7622 
8068 
85f4 
8960 
94o5 
985o 
•294 
0738 
1182 


45 
45 

ii 

45 
45 
44 
44 
44 
44 


980 
981 
982 
983 
984 
985 
986 
987 
988 
989 


991226 
1669 
2111 

2554 

34?6 
3877 
4317 


1270 
1713 
2i56 
25o8 
3o39 
3480 
3921 
436 1 
4801 
6240 


i3i5 

1758 
2200 
2642 
3o83 
3524 
3965 
44o5 
4845 
5284 


,359 
1802 
2244 
2686 
3127 
356d 
4009 

4449 
4880 
5328 


l4o3 
1846 

2288 

2730 
3172 
36i3 
4o53 
4493 
4q33 


1448 
1890 
2333 
2774 
3216 
3657 

'^] 


1402 

1935 
2377 
2819 
3260 
3701 
4141 
458i 

502I 

5460 


i536 

1979 
2421 
2863 
33o4 
3745 
4i85 
4625 
5o65 
55o4 


i58o 

2023 

2465 

3789 
4229 
4660 
5io8 
5547 


1625 

2067 
2509 

3?oJ 
3833 
4273 
47i3 
5i52 
5591 


44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


990 
991 
992 
998 
994 
995 
996 
997 
998 
999 


995635 
6074 
65i2 

^U 

7823 
8259 
86o3 
9i3i 
9565 


5679 
6117 
6555 
6903 
743o 
7867 
63o3 
8739 
9'74 
9609 


5723 
6161 
6599 
7037 
7474 
7010 
8347 
8782 
9218 
9652 


5767 
6205 
6643 
7080 
7517 

If^ 
8826 
9261 
9696 


58ii 
6249 
6687 
7124 
7561 

If. 

8860 
93o5 
9739 


5854 

8041 

9348 
9783 


58o8 
633f 
6774 
7212 
7648 
8o85 
8521 
8o56 
9392 
9826 


5o42 
638o 
6818 
7255 
7692 
8129 
8564 
9000 
9435 
9870 


5986 
6424 
686a 

8172 
8608 
9043 

947? 
9913 


6o3o 
6468 
6906 
7343 

El 

865a 
9087 
952a 
9957 


44 
44 
44 
44 
44 
44 
44 
44 
44 
43 


N. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 
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K. 





1 


2 


8 


4 


6 


6 


7 


8 





D. 


lOOO 
lOOI 
1003 

ioo3 
1004 
ioo5 
ioo6 
1007 
1008 
1009 


000000 
0434 
0868 
i3oi 
1734 

002166 
2598 
3029 
3461 
3891 


0043 

0477 

1777 
2209 
3641 
3073 
35o4 
3934 


0087 

052I 

oo54 
i388 
1820 

2252 

2684 
3ii6 
3547 
3977 


01 3o 
o564 

1 863 
2296 

vv 

3i59 
3590 

4030 


0174 

0608 
io4i 
1474 

2771 

3203 

3633 
4063 


0317 
o65i 
1084 
i5i7 
1950 

2382 

2814 
3245 
3676 
4106 


0360 
0694 
1 138 
i56i 

1993 
3435 
2867 
3388 
3719 
4149 


o3o4 
0738 
1171 
1604 
2o36 
2468 
2900 
333 1 
3762 
4193 


o347 
0781 
1214 
1647 
2080 

25l3 

38o5 
4335 


0391 
0824 
1258 
1690 

2123 

3555 
3986 

384^ 
4278 


43 
43 
43 
43 
43 
43 
43 
43 

il 


lOIO 

ion 

1013 

ioi3 
1014 
ioi5 
1016 
1017 
1018 
1019 


004321 
4751 
5i8i 

6o3^ 
006466 
6894 
7321 
7748 
6174 


4364 
4794 

5223 

5652 
6081 

7790 
8217 


^ 

5266 
5695 
6124 
6553 
6979 
7406 
7833 
8259 


445o 
4880 
53oo 
5738 
6166 
6594 
7022 

B 


4493 
4023 
5352 
5781 
6209 
6637 
7065 
7492 

ml 


4536 
4966 
5395 
5824 

6252 

6680 


4579 

543? 
5867 
6393 
6733 

"^577 
8004 
8430 


4623 
5o52 
5481 

6?^ 

6765 
7193 
7620 
8046 
8472 


4665 
5095 
5534 
5933 
638o 
6808 
7230 

z 

85i? 


4708 
5i38 

599? 
6423 
685i 

7378 

l]t 
8558 


1 

43 

f^ 

43 
43 


1020 
1021 
1022 

1023 

1024 

1035 

1036 
1027 

I02d 

1039 


008600 
9026 
945 1 
9876 
oio3oo 
010724 
II47 
1570 
1993 
24i5 


8643 
9068 
9493 
9018 
o342 
0766 
1190 
i6i3 
2035 
2458 


8685 
9111 
9536 

%5 
0809 

1232 

i655 

2078 
25oo 


8728 
9153 
9578 
•ooo3 
0427 
o85i 

1697 

2120 
2542 


8770 
9196 
9621 
.0045 
0470 
0893 
i3i7 
1740 
2162 
2584 


881 3 
923s 
9663 
.0088 

05l2 

0936 
1359 

1782 
2204 

2626 


8856 
9281 
9706 
•oi3o 
o554 
0978 
1 401 
1824 
2247 
3669 


8898 

9323 
9748 
•0173 
0597 
1020 
1444 
1866 
2289 
2711 


8041 
9366 
9791 

.0215 

0639 
io63 
i486 

2753 


8983 
9408 
9833 
•0258 
0681 
iio5 
1 528 
1951 
2373 
3795 


43 


io3o 
io3i 

I033 

io33 
io34 
io35 
io36 
1037 
io38 
1039 


012837 
3259 
3686 
4100 
4521 

oi4o4o 

5779 
6197 
6616 


?§79 
33oi 

3722 
4142 
4563 
4982 
5402 
5821 
6239 
6657 


2922 

3343 
3764 

<i84 
46o5 
5o24 
5444 
5863 
6281 
6699 


2064 

3385 
38o6 
4226 

506? 
5485 
5oo4 
6323 
6741 


3oo6 
3427 
3848 
4268 
4680 
5io8 
5527 
5o46 
6365 
6783 


3o48 
3469 
3890- 
43 10 
4730 
5i5o 

598? 
6407 
6824 


3090 
35T1 
3932 
4353 

4772 
5192 
56Ti 
6o3o 
6448 
6866 


3i32 
3553 

l%i 

4814 

5234 
5653 
6072 
6490 
6908 


3174 
3596 
4016 
4437 
4856 
5276 
5695 
6114 
6533 
6950 


3317 
3638 
4o58 

53i8 

PM 

6574 
6993 




1040 
1 041 
1043 
1043 
1044 
1045 
1046 
1047 
io4d 
1049 


017033 
7451 
7868 
8284 
8700 

019116 
9532 

020S61 

0775 


7075 
7492 

m 

8742 

91 58 

o4o3 
0817 


8784 
^?? 

.oo3o 
0444 
0858 


?5?? 
2993 
8409 
882? 
9241 
9656 

04^ 
0900 


7200 
7618 
8o34 
845 1 
8867 
9282 
9698 
0113 
o527 
0941 


7243 

8492 
8008 
9324 
9739 
•oi54 
o568 
0982 


7284 

8118 
8534 
8950 
9366 
9781 
•0195 
0610 
1024 


7326 

8570 
8992 
9407 
9822 
• 0237 
o65i 
io65 


7367 
7784 
8201 
8617 
9033 
9449 
9864 
.0278 
0693 
1107 


'41^ 

8243 
865o 
9075 
9490 
9005 

•0J20 

0734 
1148 




io5o 
io5i 
io52 
io53 
io54 
io55 
io56 
1067 
io58 
1059 


021 189 
i6o3 
2016 
2428 
2841 

023252 

3664 
4075 
4486 
4896 


I23l 

1644 
2057 
2470 
2882 
3294 
3765 
4116 
4527 
4937 


1272 
1 685 
2098 

25ll 

2923 
3335 
3746 
4157 
4568 
4978 


i3i3 

1727 
2140 

2332 
2964 
3376 

ll 
4609 

5oi9 


i355 
1768 
2181 
2593 
3oo5 
3417 
3828 
4239 
4650 
5o6o 


1396 
1809 
2222 
2635 

^^ 

4691 

5ioi 


1437 
i85i 

2263 

2676 
3od8 

3499 
3oii 
4I21 
4732 
5i43 


1479 
1892 
23o5 
2717 
3129 
3541 
3952 
4363 

nil 


1 520 

1933 

2346 
2738 
3170 
3582 
3993 
4404 
4814 

5224 


i56i 
1974 
2387 
2799 

3211 

3623 
4o34 
4445 
4855 
5265 




N. 





1 


2 


8 


4 


6 


6 


1 


8 


9 


D. 
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LOQABn'IIHS OF KUUBESS. 



I». 





1 


3 


8 


* 


6 


6 


7 


8 


9 


D. 


1060 

a06l 
1062 

1063 
1064 
io65 
1066 
1067 
1068 
1069 


o253o6 
5715 
6i25 
6533 
6042 

027350 

i]n 

8571 
8978 


5347 
5756 
6i65 
6574 
6082 
7390 

Ull 

8612 
9018 


5388 

66i5 
7023 

S 

8653 
9059 


5420 
5838 
6247 
6656 
7064 
7472 

til 

8693 
9100 


5470 
8734 

9>4o 


55ii 
5920 
6329 

6737 
7146 
7553 

Iti 
8775 
9181 


5552 
6?7o 

7594 
8002 
8409 
881 5 
9221 


5593 
6002 
641 1 
6819 

P 

8042 
8449 
8856 
9262 


5634 
6043 
6452 
6860 
7268 

8490 
8896 
93o3 


6084 
6492 

7300 
7716 
8124 
8531 

^4J 




1070 
1071 
1072 
1073 
1074 
1075 
1076 

1078 
1079 


029384 
978Q 

030195 
0600 
1004 

o3i4o8 
1812 
2216 
2619 

302I 


9424 
983o 
0235 
0640 
1045 
1449 
i853 

2256 

2659 
3062 


9465 
9871 

io85 
1489 
1893 
2296 
2699 

3l02 


9506 

T6 
0721 
1126 
i53o 
1933 
2337 
2740 
3i42 


9546 

0762 
1166 
1570 
1074 

2377 

2780 
3182 


9587 
9092 
0397 
0802 
1206 
1610 
2014 
2417 
2820 

3223 


0438 
0843 

2o54 
3458 
2860 
3263 


9668 
.0073 

1287 
1691 
2095 

2498 
3901 
33o3 


9708 
•0114 
o5io 
092J 
i328 
1732 
2i35 
2538 
2941 
3343 


9749 

•oi54 
0559 
0064 
i368 

1772 

I 


40 
40 
40 
40 
40 
40 
40 


1080 
1081 
1082 
io83 
1084 
io85 
1086 
1087 
io8d 
1089 


033424 

3826 

4227 

4628 

5o29 
o3543o 
583o 
623o 
6629 
7028 


3464 
3866 
4267 
4669 
50^ 
5470 
5870 
6269 
6669 
7068 


3504 
3906 
43o8 
4709 
5109 
5510 
5910 
63o9 
6700 
7108 


3544 
3946 
4348 
4749 
5i49 
5556 
5950 
6349 
674Q 
7148 


3585 
3986 
4388 
4789 
5190 
5590 

6789 
7187 


3625 
4027 
4428 
4829 
5230 
563o 
6o3o 
6429 
6828 
7227 


3665 
4067 
4466 
4869 
5270 
5670 

7267 


3705 

f^ 

To 

5710 
6110 


3745 
4147 
4548 

5750 

6i5o 
6540 
6048 
7^47 


3786 
4187 

4586 

it 
5790 

7?87 


40 
40 
40 
40 
40 
40 
40 
40 
40 
40 


1090 
1091 
1092 
1093 
1094 
1095 
1096 

I09T 

1098 
1099 


037426 
7825 
8223 
8620 

1 ,90'7 

039414 

981 1 

040207 

0602 

0998 


7466 
7865 
8262 
8660 
9057 
9454 
985o 
0246 
0642 
1037 


7506 

mi 
8700 
9097 
19493 

0681 
1077 


7546 

9533 

0721 
1116 


7586 

8779 

9n6 
0761 

1 1 56 


7626 
8024 
8421 
8810 
9216 
9612 
• 0009 
0405 
0800 
1 195 


7665 
8064 
8461 
8859 
9255 
9652 
•0048 
0444 
0840 
1236 


2rJ 

85oi 
8898 
9295 

0484 
0879 
1274 


VS 

8541 
8938 
9335 
973 1 
•0127 
o523 
0019 
i3i4 


l]ll 
858o 
8078 
9^74 
9771 
.0167 
0563 


40 
40 
40 
40 
40 
40 
40 
40 
40 
39 .. 


N. 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 



TABLE II. 



OOlTTAUfmo 



NATURAL SINES AND COSINES, 



LOGAEITHMIO SINES, COSINES, TANGENTS, AND 
COTANGENTS, 



IVERT DEGREE AND MnnTTE OP THE QUADRAST. 



' II - ■ I jtjr 
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TBIGOKOMETEICAL FUNCTIONS. — 0°. 



Nat. Functions. 


LooABiTHMio Functions + 10. 


/ 


1 
2 
8 
4 
6 
6 
7 
8 
9 
10 


N.Bine. 


N.C06. 


L. Bine. 1 D. 1" 


L.COB. D.r 


L. tang. 1 D. 1" 


L.«.t 1 1 


ioOOOO 

i 00029 
00058 

00116 
00145 
00175 
,00204 
00233 
00262 
00291 


Unit. 
Unit. 
Unit. 
Unit. 
Unit. 
Unit. 
Unit. 
Unit, 
Unit. 
Unit. 
Unit. 


0*000000 

6*463726 
764756 
940847 

7*065786 
162696 
241877 
308824 
36681 6 


5017 
2934 
2082 
i6i5 

:?:? 

629 

1 

4i3 
391 

III 


'si 

3i 

il 
11 

54 
63 
88 
81 
36 
41 
38 
14 
81 

■n 
]i 


10*000000 
000000 
000000 
000000 
000000 
000000 

9.999999 

999999 
999999 
999999 
999998 

9.999998 
999997 
999997 
999996 
999996 
999995 
999995 
999994 

999993 
999993 


•00 

•00 
•00 
•00 
•00 
•01 

*0I 
•01 

• 01 

•Of 

•01 

*0I 

•01 
•01 
•01 

• 01 
•01 

*0I 
*0I 
*0I 


O'OOOOOO 

6*463726 
764756 
940847 

7.065786 
162696 
241878 
308825 
366817 
417970 
463727 


5o!7 
2934 
2082 
i6i5 
i3io 
1116 

^. 
1^ 


ll 

3i 

i 

54 

63 

8b 


Infinite. 

13*536274 
235244 
059153 

12^934214 
837304 

758122 

W1I75 
633i83 
582o3o 
536273 


60 
59 
6S 
57 
66 
65 
54 
58 
62 
51 
50 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2S 
29 
80 


00320 

00349 
00378 
00407 
00436 
00465 
00495 
oo524 
00553 
oo582 


99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99998 
99998 


7.5o5ii8 
542906 
577668 
609853 
639816 
667845 
.694173 
718997 
742477 
764754 


7 '5051 20 
542009 
5776^2 

639820 
667849 
694179 
719003 
742484 
764761 


629 

^^6 
499 

43^ 
4i3 
391 

371 

35i 


81 
33 
42 

?? 

82 

li 

28 
36 

"73 

I^ 
06 

49 

92 
18 

25 

01 
40 
35 


12 •404880 
457091 

422328 

390143 
36oi8o 
332i5i 
3o582i 

» 

235239 


49 
43 
47 
46 
45 
44 
43 
42 
41 
40 


0061 1 
00640 
00669 
00698 

Z]U 

00785 
00814 
00844 
00873 


99998 
99998 
99998 
99998 
99997 
99997 
99997 
99997 
99996 
99996 


825451 
843o34 
861662 

» 

910879 
926119 
940842 

7-955082 
968870 
982233 
995108 

8- 007787 
020021 
o3ioi9 
043501 
054781 
065776 


336 

321 

3o8 

% 

273 
263 
253 
245 

237 


o5 

■il 

33 


9.999992 
999991 

999988 
999987 
999986 
999985 
999983 


*0I 
•01 
*0I 
*02 
*02 
•02 
.02 
•02 
•02 
•02 


825460 
843944 
861674 
878708 
895099 

& 

940858 


336 

321 

3o8 

% 
in 

254 

245 
237 


12^214049 
193845 
174540 
j56o56 
138326 
121292 
104901 
089106 
073866 
009142 

12*044900 
o3iiii 

017747 

004781 

11*992191 

'Ml 

956473 
945191 
934194 
11*923469 
9i3oo3 
002783 

§^2797 
883o37 
873490 
864149 
855oo4 
846048 
83/273 


89 
88 
87 
86 
85 
84 
33 
82 
81 
80 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
IS 
17 
16 
15 
14 
13 
12 

11 
10 


81 
82 
88 
£4 
85 
86 
87 
88 
89 
40 


00902 
00931 
00960 
00980 
01018 
01047 
01076 
oiio5 
oii34 
01164 


99996 
99996 
99995 
99995 
99995 
99995 
99994 
99994 
99994 
99993 


229 

223 
216 

20? 

198 

\tl 

1 83 

178 


80 

■ll 

•81 

:?? 

.02 
01 

25 

72 


9*999982 
999981 
999980 
999979 
999977 
999976 
999975 
.999973 
999972 
999971 


•02 
•02 
•02 
•02 
•02 
•02 
•02 
•02 
•02 
•02 


7*955ioo 
968889 
982253 
995219 

8*007809 
020045 
031945 
043627 
054809 
o658o6 


229 
222 
216 

l^ 
■98 

\ll 

i83 

178 


81 
75 
10 
83 

ll 

o5 
o3 

27 

74 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 1 

! 


01193 
01222 

OI25l 

01280 
01 309 
01338 
01 367 
01396 
01425 
01454 
01 483 
oi5i3 
01 542 
01571 
01600 
01629 
01658 
01687 
01716 
01745 


99993 
99993 
99992 
99992 
99991 
99991 
99991 
99990 
99900 
99989 


8*076000 
086965 
097183 
107167 
116926 
126471 
i358io 
144953 
153907 
I 6268 I 


174 
170 
166 
162 

\n 

l52 

HI 

143 


■41 
.3i 

it 

08 
66 
38 
24 
22 
33 


999966 
999964 

999963 
999961 
999950 

999958 


•02 8 •076531 
•02 086997 
•02 097217 

*o3 107202 
*o3 ii6o63 
*o3 i265io 
.03 1 i3585i 
•03, 144996 
*o3; 153962 
.o3 162727 


174 
170 
166 
162 

\^ 

l52 

143 


44 
34 
42 
68 
10 
68 
41 
27 

ll 


99989 

^1 

99988 
99987 
99987 
99986 
99986 
99985 
99985 


8*171280 

187985 
196102 
204070 

219581 
227134 
234557 
241855 

L. COS. 


140 

137 

i35 

l32 

i3o 
128 

125 
123 
121* 
ligr- 


54 
86 

29 
80 

41 
10 
87 

ll 
63 


9.9999521 
999950, 
999948 
999946 
999944 
999942 
999940 

999938 
999936 
999934 


•03 
*o3 
*o3 
*o3 
.03 
.04 
.04 
*04 
•04 
• 04 


8.171328 

196156 
204126 

2iio53 
219641 
227195 
234621 
241921 


140 

l37 

i35 

l32 

i3o 
128 

125 
123 
12! 
119 


57 

84 
44 

i 

67 


11*828672 
820237 
811964 
8o3844 
795874 
788047 

7653?9 
758079 


9 

8 
7 
6 
5 
4 
8 
2 
1 



N.cos. 


N. Bine. 


D.r' 


L.8ine. 1 


L.cot. 


D. 1" 


L. tang. 


' 


89^ 1 
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Nat. Functions. 


LoeABiTHMio Functions + 10. 




1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


N.sine.]N.co8.| 


L.alne. 


D.l" 1 L.C08. |d.1''(| L. tang. 1 B.V 


L.cot 




01745 
01774 
01803 
01832 
01862 
01891 
01920 
01940 
01978 
02007 
02036 


99985 
99984 
99984 
99983 
99983 
99982 
99982 
99981 
99980 
99980 
99979 


8.241855 
240033 
266094 
263o42 
269881 
276614 
283243 
280773 
296207 
302646 
308794 


119-63 
117-68 
116-80 
113-98 

112-21 

iio-5o 
108-83 
107-21 
ioi-65 
104-13 
102*66 


9.999934 
999932 
999929 
999927 
999926 
999922 
999920 
999918 
999916 
999913 
999910 


-04 
.04 
.04 
.04 
.04 
.04 
.04 
•04 
.04 
-04 
.04 
.04 
.04 
.04 
.05 
.05 
.06 
.06 
.05 
.05 
.06 
.06 
.06 
.06 
.05 
.05 
.05 
.05 
•05 
.06 
.06 

.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 
.06 


8.241921 
249102 
266166 
263ii5 

2^3323 
289866 
296292 
302634 
308884 


119-67 

WIZ 

114-02 

112-25 
110.54 
108-87 
107-26 

io5-7o 
104-18 
102-70 


11-758079 
760808 
74383d 
736885 
730044 
723309 
716677 
710144 
703708 
697366 
691 1 16 


60 
69 
58 
67 
66 
65 
54 
63 
62 
61 
60 


o2o65 
02094 

02123 
02l52 

02I8I 

022 1 1 

02240 
02260 
02298 
02327 


99970 
99978 
99977 
99977 
99976 
99976 
99975 
99974 
99974 
99973 


8.314964 
321027 
327016 
332924 
338753 
344504 
35oi8i 
356783 
36i3i6 
366777 


101*22 

94.60 

93-38 
92.10 
oi.o3 
89.90 


9.999907 
999906 

999899 
999897 
999894 


8.3i5o46 

321122 
327114 

333025 
338856 
344610 
350289 
355895 
36i43o 
366896 
8-372292 

3^288^ 
388092 
393234 
398316 
403338 
4o83o4 
4i32i3 
418068 


101-26 
97.19 

93.43 
92.24 
91.08 

§9-95 
88-86 

U:V. 

86.70 
84.70 
83.71 
82.76 
81.82 
80.91 
80.02 


11-684964 
678878 
672886 
666975 
661144 
655390 

6497 n 
644106 
638570 
633 io5 

11-627708 
622378 
617111 
611908 
606766 
601686 
696662 

^6% 
581932 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 
83 
87 
86 
35 
84 
83 
32 
31 
80 


OJ1356 
02385 
02414 
02443 
02472 
02601 
02530 
02660 
o258o 
02618 

02647 
02676 
02705 
02734 
02763 
02192 
02821 
02860 
02870 
02908 


99972 
99972 
99971 
99970 
99969 

99966 


8-372171 

398179 
403109 
408161 

4i3o68 
417919 


88.80 

U:l^ 

85.64 
84*64 
83.66 
82.71 

79*96 


999873 

999858 
999854 
999851 


99965 
99964 
99963 
99963 
99962 
99961 
99960 
99959 
99950 
99958 


8.422717 
427462 
432156 
436800 
441394 
446941 
460440 
454893 
45o3oi 
463665 


75.77 

74-99 
74-22 
73.46 
72.73 
72-00 


9.999848 
999844 
999841 
999838 
999834 
999831 
999827 
999823 
999820 
999816 


8.422869 
427618 
43231 5 
436062 
44i56o 
446110 
45o6i3 
466070 
460481 
463849 


75-83 
75-05 

74-28 
73-62 
72-70 
72.06 


11-577131 

572382 

563o38 
558440 
553890 
549387 
544o3o 
640619 
536i5i 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
61 
52 
68 
54 
65 
66 
57 
68 
59 
60 


02938 
02961 
02996 
o3o25 
o3o54 
o3o83 
o3ii2 
o3i4i 
o3i7o 
o3i99 

03228 
03257 
03286 
o33i6 
03345 
03374 
o34o3 
03432 
03461 
03490 


99957 
99956 
99955 
99954 
99953 
99952 
99962 
99951 
99960 
99949 


8-467986 
472263 

484848 
488963 
493040 
497078 
601080 
606046 


71.29 
70.60 
69-91 

^:^ 

67-94 
67.31 
66.60 
66.08 
66.48 


9-999812 
999800 
999806 
999801 

999797 
999793 

999790 
999786 
999782 
999778 


.06 
.06 
.06 
.06 

•07 
.07 

•07 
-07 

•07 

.07 


8.468172 
. 472454 

485o?o 
480170 
49^260 
497293 
501298 
606267 


71-35 
70-66 
69;98 

68-01 
67-38 
66.76 
66-16 
65.65 


11.531828 
627646 
623307 
519108 
614960 
5io83o 
606760 
602707 
498702 
494733 


lu 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 



99948 
99947 
99946 
99945 
99944 
99943 
99942 
99941 
99940 
99939 


8.608074 
612867 
616726 
62o55i 
624343 
628102 
531828 
635523 
539186 
542819 


64-89 
64-3i 
63-75 
63.19 
62.64 
62.11 
61-58 
61.06 
60-55 
60.04 


9-999774 
999760 
999766 
999761 
999757 
999753 
999748 
999744 
999740 
999735 


.07 
-07 
•07 
•07 
•07 
.07 

•07 
•07 
.07 
.07 


8.609200 
5i3o98 
616961 
620790 
624686 
628349 
532080 
535779 

543084 


64-96 
64.39 
63.82 
63-26 
62.72 
62.18 
61 -65 
6i-i3 
60.62 
6o-i2 


11-490800 
486902 
483039 
479210 
475414 
471661 
467920 
464221 
460553 

11-466916 




N.co8.N.8liie. 


L. COS. 


D.l" 1 lysine. 


L.eot 


D. 1" 1 L. tang. 


/ 


88<> 1 
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TBIOONOHETBIOAL FUNOTIONS.— »», 



Nat. Punctionb. 


LooABiTHiac Functions + 10. 1 


t 



N.sineJN.cos. 


L.8tne. 


D.l" 


L.COS. 


D.l" 


L.Ung. 


D.l" 


L.00L 




03490 


"^ 


8*542819 


6o.o4 


9-999786 


•07 


8.643084 


60.12 


11-456916 
453309 


60 


1 


o35i9 
03548 


546422 


69.66 


999781 


.07 


" 65o2?8 
563817 
667336 


69-62 


59 


2 
8 


99937 
99936 


« 


69.06 
68.68 


999726 
999722 


•■U 


5?.66 


449732 
446183 


58 
67 


A 


99935 


557054 


58.11 


999717 
999713 


.08 


68.19 
67.73 


442664 


56 


5 


03635 


99934 


660640 


67.66 


.08 


660828 


439172 
435709 
432273 
428863 


55 


6 


03664 


99933 


a 


66.24 
56.3o 


999708 


.08 


664291 


U\V. 


54 


7 


03693 


99932 


999704 


.08 


667727 


58 


8 


03723 


99981 


570836 


999699 


.08 


571137 


56.38 


62' 


9 


03752 


99930 


574214 


55.87 


999604 


.08 


674620 


55.96 
55.52 


426480 


51 


10 


03781 


99929 


577566 


55.44 


999689 


.08 


577877 


422123 


50 


11 


o38io 


99927 
99926 


8.580892 


66.02 


9-999686 


.08 


8-58i2o8 


65.10 


11.418792 
416486 


49 


12 


o383q 
03868 


684193 
687469 


64-60 


999680 


.08 


684514 


64.68 


48 


18 


99925 


64.19 


999675 


.08 


691061 
694288 


54-27 


412206 


47 


14 
16 


"^^ 


99924 
99923 


690721 
698948 


53.79 
53.39 


^! 


.08 
.08 


53.87 
53.47 
63.08 


408949 

m 


46 
45 


16 


03955 


99922 


697162 


63.00 


999660 


.08 


597492 


44 


17 


03984 


99921 


6oo332 


62.61 


999655 


.08 


600677 
6o383o 
606978 


62-70 
62.32 


899823 


43 


18 


0401 3 


99910 
99918 


603489 
606623 


62.23 


999660 


.08 


396161 


42 


19 


04042 


61.86 


999645 


.09 


61.94 
51.58 


898022 
389906 


41 


20 
21 


04071 


999n 


609734 


61.49 


999640 
9.999635 


•09 
.09 


610094 


40 


04100 


99916 


8.612823 


61.12 


8-618189 


61.21 


11.386811 


89 


22 


04129 


99915 


616891 
618937 


60.76 


999629 


•09 


616262 


60. 85 


383738 
380687 


88 


23 


o4i5o 
04188 


99913 


60.41 


999624 


•09 


619813 


5o.6o 


87 


24 


99912 


621962 


60.06 


999619 


.09 


622343 


5o.i6 


374648 


86 


25 


04217 


99911 


624966 


49-38 


999614 


.09 


626352 


49-8i 


85 


26 


04246 


99910 


627948 


999608 


•09 


628340 


49-47 
49.13 
48.80 


371660 


84 


27 


04275 


99909 


680911 
633854 


40-04 
48.71 
48.39 
48.06 


999603 


.09 


63i3o8 


368692 


83 


28 


o43o4 


99907 
99906 


999697 


.09 


634256 


866744 
362816 


82 


29 


04333 


636776 
689680 


999502 
999586 


.09 


687184 


48.48 


81 


80 


04362 


99905 


.09 
.09 


640093 


48.16 


359907 


80 


81 


04891 


99904 


8-642563 


47-75 


9.999581 


8.642982 
645853 


47-84 


11.357018 


29 


82 


04420 


99902 


645428 


47-43 


999676 


.09 


47-53 


354147 
351296 
348463 


28 


83 


04449 
04478 


99901 


648274 


47-12 
46.82 


^S: 


.09 


648704 
65i537 


47.22 
46.QI 
46.61 


27 


84 


^ 


661102 


•.09 


26 


85 


04507 
04536 


66891 I 


46.52 


999558 


.10 


654362 


345648 


25 


86 


^ 


666702 


46.22 


999553 


.10 


667149 
66543? 


46.31 


842861 


24 


87 


04565 


669475 
66223o 


46.92 
45.63 


999647 


• 10 


46-02 


340072 


28 


88 


04594 


99894 


999541 


.10 


45.73 


337811 


22 


89 


04623 


99893 


664968 
667689 


45.35 


999536 


•10 


45^44 


334567 


21 


40 


04653 


99892 


45.06 


999629 


•lO 


668160 


45.26 


331840 


20 


41 
42 


04682 
04711 


998^ 


«•» 


44-79 
44.61 


9.999624 
999518 


•10 
•10 


8.670870 
673663 


44-88 
44*6i 


11 .829130 
326487 


19 
18 


48 


04740 


99880 


676761 


44-24 


999612 


•10 


676289 


44.34 


323761 


17 


44 


04769 
04798 
04827 
04856 


99886 


678406 
681043 


43-97 


999606 


•10 


te 


^V 


32IIOO 


16 


45 


99885 


43.70 


999600 


.10 


43^8o 


818466 


15 


46 


99883 


683666 


43.44 


999493 
999487 


.10 


684172 
686784 
689381 


43^54 


3 I 5828 


14 


47 


99882 


686272 
688863 


43' 18 


.10 


43.28 


818216 


18 


48 


04885 


99881 


42.92 
42.67 


999481 


*io 


43.03 


810610 


12 


49 


04914 


99870 
99878 


691438 


999475 
999469 


•10 


691063 
694629 


42-77 
42.52 


808087 


11 


50 


04943 


693998 


42.42 


•10 


806471 


10 


51 


04972 


99876 


8.696643 


42.17 


9.999463 


II 


8.697081 


42.28 


11.302910 
300383 


9 


52 


o5ooi 


99875 


701689 


41-92 
41-68 


909466 


• 11 


699617 


42.03 


8 


58 


o5o3o 


99873 


999450 


• 11 


]Z\% 


til 


297861 
295354 


7 


54 


o5o59 
o5o88 


99872 


704090 


41-44 


999443 


• 11 


6 


55 


^ 


706677 


41-21 


999437 


.11 


707140 


41-32 


292860 


5 


56 


o5ii7 
o5i46 


709049 


40-97 


999431 


•11 


709618 


41.08 


200882 


4 


67 


^ 


711607 


40-74 
40 -5i 


999424 


.11 


712083 


40.86 


28?465 


8 


58 


o5i75 


713562 
716383 


999418 


• II 


714534 


40.62 


2 


59 


o52o5 


99864 


40-20 
40-06 


999411 


.11 


719896 


40.40 


288028 


i 


60 


05234 


99863 


718800 


999404 


• II 


40.17 


280604 







N. COS. N. sine. 


L. COS. 


D.l" 


Xu sine. 


^ 


L.cot 


D.l" 


L.tuig; 


/ 


87° 1 



TBIGOWOMETBICAL FtJirCTIONS. — 8*. 



83 



Nat. Functiohb. 1 LottABiTHiao Funcjtions + 10. 1 


/ 


N.ftine. 


N. ooa. 


L.6ine. 


D.l" 


L.coa. 


D.1'' 


L. tang. 


D.l" 


L.cot 





1 
2 
8 
4 
5 
6 
7 
8 

A 

11 

12 
18 
14 
15 
16 
17 
18 
19 
20 


o5234 
o5a63 
05292 
05321 
o535o 
05379 
o54o8 
05437 
05466 
05495 
o5524 


99863 
99861 

& 

99851 
99849 
99847 


8.718800 
721204 
723595 

m 

733027 
735354 
737667 

.739969 
742259 


40.06 
39.84 
39.62 
39.41 

lilt 
38-77 
38.67 
38-36 
38- 16 
37.96 


9.999404 
999398 
999391 
999384 
999378 
999371 
999364 
999357 
999350 
999343 

. 999336 


•11 
•II 
•II 
.11 
-11 
-11 

V2 

.12 

.121 

•121 

.12' 


8.719396 
721806 
724204 
726588 

il 

V 740626 

742922 

8.746207 

747479 
749740 
751989 
764227 
766453 
768668 

» 

766246 


40-17 

39-95 

39.30 

38^80 
38-68 
38-48 
38-27 
38.07 


11.280604 
278194 
275796 
273412 
271041 
268683 
266337 
264004 
261683 
259374 
257078 


60 
69 
68 
57 
6'5 
65 
64 
63 
52 
61 
60 


05553 
05582 
o56ii 
05640 
o566o 
05698 

05785 

o58i4 


99846 
99844 
99842 
99841 

99833 
99831 


8-744536 
746802 
749055 

760161 
762337 
764511 


37.37 

til 

36.42 
36.24 
36.06 


9.999329 
99932a 
9993i5 
999308 
999301 
999204 
999286 

J999279 
999272 
999266 


.12 
.12 
•12 
-12 
•12 
-12 
•12 

-la 

-12 
.12 


37^49 
37.29 
37.10 
36.92 
36.73 
36.56 
36.36 
36.18 


11.254793 

252521 

25o26o 
24801 1 
245773 
243547 

241332 

239128 
236935 
234754 


49 
43 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


o5844 
06873 
0590a 
05931 
05960 

06018 
06047 
06076 
o6io5 


99829 

^^ 

99824 
99822 
99821 
99819 
99817 
998i4 
99813 


8.766675 
768828 
770970 
773101 

7836o5 
786675 


35.88 
35.70 
35.53 
35.35 
35.18 
35.01 
34-84 
34-67 
34-51 
34-3i 


9.999267 
999260 
999242 
999236 

999227 
999320 
999212 
999206 
999107 
999189 


.12 

.13 
.i3 
.13 
-13 
-13 
.13 
• 13 
.13 
.13 


8.767417 
769578 

775996 
778114 
780222 
782320 
784408 
786486 


36.00 
35.83 
35.65 
35.48 
35.31 
35.14 

itu 

34-64 
34-47 


11.232583 
23o422 

228273 
226134 
224006 

221886 
llVet 

215592 

2i35i4 


89 
83 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


o6i34 
o6i63 
06192 
06221 
o625o 

^ 

06337 
06366 
06395 


99812 

99808 
99806 
99804 
99803 
99801 
99799 
99797 
99795 


8.787736 
789787 
791828 
793859 
795881 
797894 

799897 
601892 
803876 
8o5852 


34-18 
34-02 
33.86 
33.70 
33.64 
33.39 
33.23 
33.08 
32.93 
32.78 


9.999181 
999174 
999166 
999168 
999160 
999142 
999^34 
999126 
999118 
9991 10 


.i3 
-i3 
-13 
.13 
.13 
• 13 
.i3 
.13 
.13 
.13 


8.788554 
790613 
792662 
794701 
796731 

802765 
804768 
806742 


34-31 
34.16 

It^ 

33-68 
33-52 
33-37 

33-22 

33-07 
32.92 


u. 21 1446 
209387 
207338 
205299 
203269 
201248 

197235 
195242 
193268 


29 
23 
27 
26 
25 
24 
23 
22 
21 
20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 




41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


06424 
06453 
06482 
o65ii 
06540 
o656o 
06598 
06627 
06656 
06685 


99793 
9979a 
99700 
99788 
99786 
99784 
99782 
99780 
99778 
99776 


8-807819 

811726 
813667 
815599 
817622 
819436 
821343 
823240 
825i3o 


32-63 
32.49 
32.34 
32.19 
32. o5 
31.91 

tu 

31.49 
31-35 


9-999ioa 

» 

999077 
999069 
999061 
999053 
999044 
999036 
999027 


-13 
•14 
•14 
•14 
•14 
•14 
•14 
•14 
•14 
•14 


8-808717 
8io68i 
812641 
814689 
816529 
818461 
820384 
822298 
824306 
826103 


32.78 
32.62 
32.48 
32.33 
32.19 
32. o5 
31.91 

3i.6o 


11.191283 

187359 

,l854ii 
183471 
i8i53o 
179616 
J77702 

178897 


^714 
06743 

^l 

o683i 
06860 
06880 
06918 
06947 
06976 


99774 
99772 

^]^ 

99762 
99760 
99758 
99756 


8-827011 
828884 

8322^7 
834456 
836297 
838i3o 
839956 
841774 
843585 


3l.22 

3i.o8 
30.95 
30.82 
3o.6o 
30.56 
30.43 
3o.3o 
30.17 
3o.oo 


9.999019 
999010 

998976 

998950 
998941 


•14 
•14 
•14 
•14 
•14 
.14 
.i5 
.i5 
.15 
.i5 


831748 
8336i3 
835471 
837321 
839163 
840098 
842826 
844644 


31.36 
31.23 
3i.io 
30.96 
30-83 
30.70 
30.57 
30.45 
30.32 
30.19 


If. 172008 
1^0126 
16S252 
166387 
164529 
162679 
160837 
169002 


N.oofl. 


N.8ine. 


L.C08. 


D.l" 


L.8lne. 


1 


1 L.cot. 1 D.1" 


L.tang. 




§6o • 1 



34 



TRIGOKOMETRICAL FCNCTI0N8.- 



Nat. Functions. 




LooABiTHMic Functions 


+ ia 


1 


/ 


N.slne. 


N.C06. 


L.Bina 


D.l" 


L.eos. 


D.l" 


|L. tang. 


Dl.'' 


L.cot 







06976 


99756 


8-843585 


3o.o5 


9.998941 


.i5 


8.844644 


3o-i9 


II -155356 


60 


1 


07005 


99754 


845387 
847183 
848971 


IIX 


998932 


.i5 


846455 


30-07 
29-05 
29-82 


153545 


59 


2 


07034 


99752 


998923 


.15 


848260 


i5i74o 


58 


8 


07063 


99750 


lt:tl 


998914 


• 15 


85oo57 
85i846 


\trAl 


57 


4 


07092 


99748 


85o75i 
852$25 




• 15 


im 


56 


5 


07121 


99746 


29.43 


998806 


.15 


853628 


146372 


65 


6 


07i5o 


99744 


854291 


29.31 


^1^ 


.i5 


855403 


29.46 


144597 


54 


7 


07170 
07208 


99742 


856049 


29.19 


• 15 


857171 
858932 


29.35 


142829 
141068 


53 


8 


99740 


857801 


28.84 


.15 


29.23 


52 


9 


ir^ 


99738 


859546 


^8860 


.|5 


860686 


29.11 


i393i4 


61 


10 
11 


99736 


86x283 


998851 


.i5 


862433 


29.00 


137567 


50 


07295 


99734 


8-863014 


28.73 
28.61 


9.998841 


.15 


8-864173 


28.88 


11-135827 


49 


12 


07324 


99731 


864738 


998832 


• 15 


865906 
867632 


tJL 


134094 
132368 


48 


13 


07353 


99729 


. 866455 


28.50 


^8823 


.16 


47 


14 


07382 


99727 
99725 


868i65 


28.39 
28.28 


998813 


.16 


869351 


28.54 


1 30649 


46 


15 


0741 1 


869868 


998804 


.16 


871064 


28.43 


128936 


45 


16 


07440 


99723 


871565 


28-17 
28.06 


998705 
998785 


.16 


872770 


28.32 


127230 
I2553I 


44 


17 


07460 
07498 


99721 


873255 


.16 


874469 


28.21 


43 


IS 
19 


99710 
99716 


874938 
876615 


l]t 


w 


.16 
.16 


876162 
877849 


28.11 

28.00 


123838 

I22l5l 


42 
41 


20 
21 


99714 


878285 


27.73 


998757 


.16 


879529 


27.89 


120471 


40 


07585 


99712 


8.879049 
881607 


27.63 


9.998747 


.16 


8.881202 


mi 


11-118708 

117131 

I1D470 


89 


22 


07614 


99710 


27.52 


998738 


.16 


882869 


88 


23 


07643 


99708 


883258 


27-42 


998728 


.16 


884530 


27-58 


87 


24 


07672 


99705 


884003 
886542 


27.31 


998718 


.16 


886i85 


27-47 


Ii38i5 


86 


25 


07701 


99703 


27.21 




.16 


887833 


27-37 


112167 


86 


26 


07730 




888174 


27.11 


.16 


889476 


27.27 


I io524 


84 


27 


07750 
07788 

07846 


99699 


889801 


27.00 
26-90 
26.80 


.16 


891112 


27.17 


108888 


83 


28 


99690 


891421 


998679 


.16 


892742 
894366 


27-07 


107258 
105634 


82 


29 


99694 


893035 


998669 


.17 


81 


30 


99692 


894643 


26.70 


998659 


•n 


895984 


104016 


80 


81 


07875 


99689 


8.896246 


26.60 


9.998649 


•17 


8-897596 


26-77 
26-67 
26-58 


11-102404 


29 


32 


07904 


^l 


897842 


26. 5i 


998639 


•n 


899203 


100797 


28 


33 


07933 


899432 


26-41 


998629 


•n 


900803 


099197 


27 


34 


07962 


99683 


9010IT 


26.31 


998619 


•n 


902308 


26-48 


097602 
096013 


26 


35 


07991 
08020 


99680 


902506 


26-22 


9^609 


.17 


903987 


26-38 


25 


36 


99678 


904160 


26.12 


9985^ 


.17 


905570 


26-29 


094 /i3o 


24 


37 


08049 
08078 
08107 
o8i36 


99676 


905736 


26.03 


•n 


907147 
910285 


26-20 


092853 


23 


33 
39 


99673 
99671 


» 


25.93 
25-84 


•>7 

• 17 


26-10 
26-01 


001281 
o8^]54 


22 
21 


40 
41 


9^8 


910404 


25.75 


998558 


•17 


911846 


25-92 


20 


o8i65 


99666 


'■& 


25-66 


9.998548 


.17 


8.913401 


25-83 


11.086599 


19 


42 


08194 


99664 


25-56 


998537 


.17 


914951 


25-74 
25-65 


o85o49 
o835o5 


18 


43 


08223 


99661 


9l5022 


25-47 
25-38 


998527 
998516 


■\i 


916495 


17 


44 


08252 


99659 


9i655o 


918034 


25-56 


081966 


16 


45 


08281 


99657 


918073 


25-29 


998506 


.18 


919568 


25-47 

25-38 


080432 


15 


46 


o83io 


99654 


919591 


25-20 


» 


.18 


921096 


078004 


14 


47 


08339 
08368 


99652 


921103 


25-12 


.18 


. 922619 
924136 


25-3o 


077381 
075864 


13 


48 


99649 


922610 


25-08 


998474 
998464 


.18 


25-21 


12 


49 


08397 


99647 


924112 


24-94 

24-86 


.18 


925649 
927156 


25.12 


074351 


11 


50 
51 


! 08426 


99644 


925609 


998453 


.18 


25-03 


072844 


10 


108455 


99642 


8.9?"i<vo 


24-69 


9.998442 


.18 


8-928658 


24-95 
24-86 


11.071342 


9 


52 


08484 


9963, 


93u^ir.8 


998431 


.18 


930 I 55 


^^353 


8 


53 


o85i3 


^l 


24-60 


998421 


.18 


931647 


24-78 


7 


54 


i 08542 


93j,xi4 


24-52 


998410 


.18 


933134 


24-70 


066866 


6 


55 


08571 


99632 


9:-M. = !5 


24-43 


» 


.18 


934616 


24-01 


065384 


5 


56 


08600 


99630 


9a.i'>ii 


24.35 


-18 


936093 


24-53 


a 


4 


57 
53 


08629 
i 08658 


99627 
99625 


93:...vi2 
93Vi,8 


24-27 
24-19 


ffl 


.18 
.18 


937565 
939032 


24-45 
24-37 


8 

2 


59 


08687 


99622 


9v^> >o 


24-11 


998355 


-18 


940494 
941952 


24 -3o 


1 


60!; 08716 


99619 


9.i^v.'g6 


24*o3 


998344 


.18 


24-21 





' N. COB. 'N. sine. 


L. COS. 


D.l" 


L-sine. 




1 L. cot. 


D.l" 


L.tM»g. 




85° 1 



TEIGOSrOMETBICAL SUNCnONS.— 9°. 
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Nat. F1JNCT10N8. 




LOGABITHMIO FUNCTIONS + 10. 


1 

1 


' !N.8ine.'N.co«. 


L. sine. 


D.l" 


L. COS. |I>-1"|| L. tang. 


D.l" 


L.cot 







08716 


99619 


8.940296 
941738 


24 03 


9.998344 


.19 18-941952 


24.21 


11-068048 


60 


1 


08745 


99617 


23.94 


998333 


-19 


943404 


24-13 


066696 


59 


2 


08774 
o88o3 


99614 


943174 


23.87 


998322 


-19 


944862 


24-06 


066148 


58 


8 


99612 


944606 


23.79 


998311 


-19 


946206 

9477J4 


23-97 


063706 


57 


4 


o883i 


99609 


946034 


23.71 


998300 


.19 


23-90 
23.82 


062266 


56 


5 


08860 


99607 


947456 


23-63 


^8289 


.19 


949168 


o6o832 
049403 


55 


6 


08889 
08918 


99604 


-948874 


23.65 


998277 


.19 


960697 


23.74 


54 


7 


99602 


960287 


23.48 


998266 


-19 


962021 


23.66 


W 


53 


8 


08947 
08976 


99699 


951696 


23-40 


998255 


.19 


963441 


23.60 


52 


9 


99696 


963100 


23.32 


998243 


-19 


964866 


23-5i 


045144 


51 


10 


09005 


99694 


964499 


23.25 


998232 


-19 


966267 


23-44 


043733 


50 
49 


11 


09034 


lllVs 


8^9'i5«o4 


23.17 


9.998220 


-19 


8-967674 


23-37 


11-042326 


12 


09063 


23.10 


998209 


.19 


969076 


23.29 
23. 23 


040026 
039627 
o38i34 


48 


18 


09092 


99686 


938670 

9^acj52 


23*02 


^M 


-19 


960473 


47 


14 


091 2 1 


99583 


22.96 
22.88 


-19 


961866 


23.14 


46 


15 


09160 


99580 


^hisng 


998163 


-19 


963266 


23-97 


036745 
035361 


45 


16 


09208 


99678 


96 3 Bo I 


22.80 


-19 


964639 


23. 00 


44 


17 


99575 


f/j-ino 


22.73 
22.66 
22.59 


998161 


.19 


966019 


22-03 
22-86 
22-79 


033981 


48 


18 
19 


09266 


99672 
99670 


cfr3 )U 
Vj6^93 


998160 
998128 


-20 
-20 


» 


032606 
o3i234 


42 
41 


20 


09295 


99667 


__t/'>'^i.ig 


22.62 


998116 


.20 


970133 


22-71 


029867 


40 


21 


09324 


99664 


8-r/i£/jOO 


22.44 


9.998104 


"^ 


8.971496 


22-65 


11-028604 


sy 


22. 


09353 


99562 


970947 


22.38 


&. 


-20 


972866 


22-67 


027145 
026791 


88 


28; 


09382 


^1 


972280 
973628 


22. 3l 


-20 


974209 


22.51 


37 


24! 


09411 


22.24 


998068 


-20 


976660 


22.44 


022440 


36 


25 i 


09440 


99653 


974962 


22.17 


998066 


.20 


976906 


22.37 


022094 


35 


S?i 


09460 
09498 


99661 


976293 


22*10 


998044 


.20 


978248 


22. 3o 


021762 


34 


27 


99648 


977619 
978941 


22-03 


998032 


• 20 


979686 
980921 


22.23 


020414 


33 


281 


%U 


99545 


21-97 


998020 


-20 


22.17 


019079 


82 


29 > 


99542 


ffl 


21-90 

21-83 


998008 


-20 


982251 


22. 10 


017749 


31 


80 1 
81 


09585 


99640 


997996 


-20 


983577 


22.04 


016423 


30 


09614 


99537 


3.982883 


21-77 


9.997984 


8.984899 


21-97 


11-016101 


29 


82 


09642 


99634 


984189 


21.70 


997972 


-20 


9862T7 


21-84 


013783 


28 


83 


09671 


99631 


986491 


21-63 


997969 


-20 


987632 
986842 


012468 


27 


84 


09700 


99628 


21-67 


997947 
997935 


.20 


21.78 


01 1 168 


26 


85 


^,f 


99626 


21-60 


•21 


990149 


21.71 


009861 
008649 


25 


86 


99623 


989374 


21-44 


997922 


-21 


991451 


21.65 


24 


87 


^l 


99620 


990660 


21-38 


997010 
997807 
997883 


-21 


992760 


21-68 


007260 
006966 


23 


88 


99617 


99»943 


2l-3l 


-21 


994045 


21. 62 


22 


89 


09845 


99514 


993222 


21-25 


-21 


996337 


21.46 


004663 


21 


40 
41 


09874 
09903 


99511 
99608 


994497 
8.996768 


21-19 


997872 


-21 


996624 


21-40 


003376 


20 


21-ia 


9.997860 


~^ 


8.997908 


21-34 


11.002092 


19 


42 


09932 


99606 


997036 
998299 


21-06 


997847 


-21 


999188 


21.27 


000812 


IS 


48 


09961 


995o3 


21-00 


W835 


-21 


9.000466 


21-21 


10.990635 
998262 


17 


44 


09990 


99600 


999660 


20.94 
20.87 


997822 


-21 


001738 


21. l5 


16 


45 


IOOI9 


99497 


9.000816 


997809 


-21 


oo3oo7 


21-00 
21 -03 


996993 


15 


46 


10048 


99494 


002069 
oo33i8 


20.82 


997797 
997784 


-21 


004272 
006634 


995728 


14 


47 


10077 
10106 


99488 


20.76 


-21 


20-97 


994466 


13 


48 


004563 


20.70 


997771 
997768 


•21 


006792 


20.91 

20.86 


993208 


12 


49 


IOI35 


99486 


006806 


20-64 


-21 


008047 
009298 


991963 


11 


50_ 

61 


10164 


99482 


007044 


20-68 


997745 


•21 


20.80 


990702 

10.980464 
988210 


10 
9 


10192 


99479 
99476 


9.008278 


20-62 


9.997732 


^1 


9.010646 


20.74 

20.68 


62, 


10221 


009610 


20.46 


997719 
997706 


-21 


011750 
oi3oJi 


8 


5.3 


10260 


99473 


010737 


20.40 


-21 


20-62 


986969 


7 


54' 


10270 
io3o8 


99470 
99467 


01 1962 


20.34 


997603 
997680 


•22 


014268 


20.66 


985732 


6 


55 


oi3i82 


20 29 

20-23 


.22 


016602 


20.61 


984498 


5 


56 1 


10337 


99464 


014400 


997667 


-22! 


016732 


20.45 


983268 


4 


57; 


10366 


99461 


oi66i3 


20-17 


997664 


-22' 


017969 
019183 


20.40 


982041 


8 


58 


10395 


99458 


016834 


20-12 


997641 


.22 


20-33 


980817 


2 


59 


10424 


99455 


oi8o3i 


20.06 


997628 


•22 


o2o4o3 


20-28 


978380 


1 


60 1 

1 


10453 


99452 


019235 


20.00 


997614 


•22 


G21620 


20-23 





N.CO6. N. sine. 


L.C06. D.l" 


L. sine. 




L.cot. 


D.l" 


L. tang. 


' 


84*^ 1 
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TRIGONOMETRICAL FUNCTIONS.— 6*. 



Nat. Functions. 


LoeABiTHMio Fdnctionb + 10. 




\ 

3 
4 
5 
6 

7t 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


N.sine.;N.coe. 


Lysine. 


D.1" 


L.OO0. 


D.1" 


L.t8ng. 


D.1" 


L.cot 




10453 ! 99452 

10482 99449 
lODii j 99446 
10540 99443 
10069 99440 
10597 99437 
10626 99434 
10655 99431 
10684 99428 
10713 199424 
10742 1 99421 


9*019235 
020435 

021632 

022825 
024016 

025203 

026386 
027567 
02S744 
029918 
031089 


20 
19 
-9 
19 
»9 
19 
19 
19 
J9 
19 
19 


00 

95 

84 
^? 

?' 

62 

47 


9.997614 
997601 

997588 
997574 
997561 
997547 
997534 
997520 
997507 
997493 
997480 


.22 
.22 

•22 
.22 
•22 
•22 
•23 
•23 
•23 
.23 
.23 


9.021620 
022834 
024044 

02525l 

026455 
027655 
028852 
o3oo46 
03123] 
o32425 
o336o9 


20*23 
20.17 
20.11 
2006 
20.00 
19.95 

;?:§? 

19.79 
19.74 
19.69 


10.978380 

972345 
971 148 
960954 
968763 

96^39? 


60 
59 
53 
67 
66 
65 
54 
63 
62 
61 
60 


10800 
1082c) 
10858 
10887 
10916 
10945 
10973 
11002 
iio3i 


99418 
9941 5 
99412 
99400 
99406 
99402 

99393 
99390 


9.032257 
033421 
034582 
035741 
036896 
o38o48 
039197 
040342 
041485 
042625 


>9 
J9 
19 
»9 
19 
19 
19 

:§ 

18 


41 
36 
3o 

25 
30 

i5 

10 

o5 

99 
94 


9-997466 
997453 
997439 
997425 
997411 

& 

997341 


•23 
•23 
•23 
•23 
.23 
.23 
.23 
.33 

.23 
.23 


037144 
o383i6 
039485 
04065 I 
041813 
042973 
0441 3o 
045284 


19.64 
19.58 
19.53 
19.48 
19.43 

19-38 
19.33 
19.28 
19. 23 
19.18 


10.965209 
964031 
962856 
961684 

^o5i5 
954716 


49 
48 
47 
46 
45 
44 
48 
42 
41 
40 
89 
?3 
87 
86 
85 
84 
83 
82 
81 
80 


11060 
11089 
11118 
11147 
11176 

I1205 

1 1 234 
11263 
11291 

Il320 


99386 
99383 
99380 
99377 
99374 
99370 
99367 
99364 
99360 
99357 


9 '043762 
044695 
046026 
047154 
048279 
049400 
o5o5io 
o5i635 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


60 
55 
5o 
45 


9-997327 

9973i3 
997290 
997285 
997271 
997267 
997243 
997228 
997214 
997199 


•24 

•24 

•24 

•24 

•24 

•24 
•24 
•24 

•24 
•24 


9.046434 
047582 
048727 

o52i44 
053277 

056659 


1913 
19.08 
19.03 
18.98 
18. o3 
18.89 
18.84 
18.79 
18.74 
18^70 


10. 953566 
952418 
951273 
95oi3i 

946723 
945593 
944465 
943341 


81 
82 
8'o 
84 
85 
36 
87 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


11 349 
11378 
1 1407 
1 1436 
1 1465 
11494 
1 1 523 
11552 
ii58o 
11609 

11638 
11667 
1 1696 
11725 
11754 
11783 
11812 
11840 
11869 
11898 
1 1927 
11956 
11985 
12014 
12043 
1 2071 
12100 
12129 
12158 
12187 


99354 
99351 
99347 
99344 
99341 
99337 
99334 
99331 
99327 
99324 
99320 
99317 
99314 
99310 

99300 
99297 
99293 
99290 
99286 
99283 
99270 
99276 
99272 

Z^ 

99255 


9 054966 

o56o7i 

0.5717a 

058271 

059367 

060460 
o6i55i 
062639 
063724 
064806 


18 
18 
18 
18 
18 
18 
18 
18 
18 
n 


41 
36 
3i 

27 
22 

\l 

08 
04 
99 


9.997185 
997170 
997156 
997141 
997127 
9971 13 
997008 
997083 
997068 
997053 


•24 
•24 
•24 
•24 
•24 

•24 

•24 

•25 
.25 
•25 


060016 
o6ii3o 
062240 
063348 
064453 
965556 
066655 
067752 


18.65 
18.69 
18.55 
18.51 
18.46 
18.43 
18.37 
18.33 
18.28 
18.24 


10.942219 
94 I 100 

934444 
933345 
932248 


29 
23 
27 
26 
25 
24 
23 
22 
21 
20 


9-065885 
06696a 
o68o36 
06910I 
070170 
071242 
072306 
073366 
074424 
075480 


'7 
1.7 
17 
17 
17 

17 
17 
17 
17 


94 

81 
77 

2§ 

63 


9.997039 
997024 
997009 
996994 
996979 
996964 
996949 
996934 
996919 
996904 


•25 
.25 
.25 
.25 
•25 
.25 
•25 
•25 
•25 
•25 


9.068846 
069938 
071027 
072113 
073197 

'W. 

076432 
077 5o5 
078576 


18-19 
i8.i5 
18. 10 
18.06 
18.02 
17-97 
17-93 

17-84 
17.80 


10.931154 
930062 
928073 

927§57 
926803 
925722 
924644 

923568 
922495 
921424 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


9.076533 
077533 
078631 
079676 
080719 
081759 

084864 
085894 


17 
17 
17 

17 
17 

n 
17 
n 


5o 
46 
43 
38 
33 

^? 

21 


9.996889 

996843 
996828 
996812 
996707 

996766 
996751 


.25 
•25 
.25 
•25 
.25 

.26 
.26 
.26 
.26 
.26 


9.079644 
080710 
081773 
082833 
083891 
084947 
086000 
087050 
088098 
089144 


17.76 
17.72 

17.51 

17-47 
17-43 
17-38 


10.920356 
910290 
918227 
917167 

914000 
912950 

910^56 


9 
8 

7 
6 
5 

4 
8 
2 
1 





N. COS. N. Bine. 


L. COS. 


D.l" 


lysine. 




L.cot 


D.l" 


L.tang. 


t 


83° 1 









TRIGOKOMBTBIOAL FUKOTIONS.— 
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Nat. Functions. LooABiTHiac Functions + 10. 1 




N.Blne.|N.co8. 


L.8iiie. 


D.l" 


L. 00s. 


D.l" 


L-tang. 


D.l- 


L.oot. 





1 
2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


12187 
12216 
12245 
12274 

I2302 

1 233 1 
12360 
12389 
12418 
12447 
12476 

i25o4 
12533 

12562 

12591 
12620 
12649 
12678 
12706 
12735 
12764 

12822 
I285i 
12880 
12908 

\l^ 
12995 
i3o24 
i3o53 


99255 
99251 
99248 
99244 
99240 

99230 
99226 
99222 
99219 


9.085894 
086922 
087947 
088970 
089990 
091008 
092024 
093037 

^tu 

096062 


1713 

, 17.09 
17-04 
17-00 
16.96 
16.92 
16.88 
16-84 
16.80 
16.76 
16.73 


9-996751 
996735 
996720 

996641 

996625- 

996610 

.996594 


.26 
.26 
.26 
.26 
.26 
-26 
-26 
-26 
-26 
-26 

-36 


9.089144 
090187 
091228 
092266 
093302 
094336 
095367 
096395 
097422 
098446 
099468 


17-38 
17-34 
17 -30 
17-27 
17-22 

17-19 
17-15 
17.11 
17.07 
17.03 
16.99 


10-9108^6 
9098.3 
908772 
907734 
906698 
905664 
904633 
9o36o5 

900532 


60 
59 
58 
57 
56 
55 
54 
58 
52 
51 
50 


99215 
992 II 
99208 
99204 
99200 

99197 
99193 
99189 
99186 
99182 


099065 
100062 
ioio56 
102048 
io3o37 

104023 

io5oio 
105992 


. 16.68 
16.65 
16.61 

16.41 

16.38 
. 16.34 


• 996546 
996530 
9965U 

996465 


-27 
•27 
•27 
•27 
•27 
-27 
-27 
•27 
•27 
•27 


9.100487 
ioi5q4 
102519 
103532 
104542 
io555o 
106556 

109559 


16-95 
16.91 
16.87 
16.84 
16.80 
16.76 
16.72 
16.69 
16.65 
16.61 

"l6r58- 

16.54 
16. 5o 
16.46 
16.43 
16-39 
16.36 
16.32 
16.29 
16.25 


10-899513 
898496 
8974B1 
896468 
895458 
894450 
893444 
892441 
891440 
890441 

10-889444 
888449 

885479 
884493 
883509 
882528 
881548 
880571 


49 
48 
47 
40 
45 
44 
48 
42 
41 
40 

89 
88 
87 
86 
85 
84 
88 
82 
81 
80 
29 
28 
27 
26 
25 
24 
28 
22 
21 
20 
19 
18 
17 
16 
15 
14 
18 
12 
11 
10 
9 
8 
7 
6 
5 
4 
8 
2 
1 



99178 
99175 
99171 
99167 
99163 
99160 
99156 
99152 
99«48 
99»44 


9.106973 
107961 
108927 
109901 
110873 
111842 
112809 
I 13774 


16.30 

r^ 

16.19 
16.16 
16.12 
16.08 
i6-o5 
16-01 

15.97 


9-996417 
996400 

996384 
996368 
90635i 
9^335 
996318 
096302 
996285 
996269 


•27 
•27 
•27 
•27 
-27 
-27 

-.11 

-28 
-28 


9.110556 

iii55i 
1 1 2543 
113533 
114521 
11 5507 
116491 

118452 
119429 


81 
83 
88 
84 
85 
86 
87 
88 
89 
40 


i3o8i 
i3iio 
i3i39 
i3i68 

13226 

i3254 
13283 
i33i2 
13341 


99«4i 

^dl 

99120 
99125 
99122 
99118 
991 14 
99110 
99106 


9. I 16656 
117613 
118067 
119519 
120469 
121417 

122362 

i233o6 
124248 
125187 


15.94 

ill 

i5.8o 
15.76 

15.73 

15-^9 
15-66 
15.62 


9.996252 
996235 
996219 
996202 
996185 
996168 
996151 
996134 
996117 
996100 


.28 
-28 
.28 
-28 
-28 
-28 
.28 
.28 
-28 
.28 


9.120404 

123317 
124284 
125249 
126211 
127172 
i28i3o 
129087 


16.22 
16.18 
i6.i5 
16.11 
16.07 
16.04 
16.01 

15-97 
15.94 
15.91 


877652 
876683 
875716 

874751 
873780 
872828 
871870 

870913 


41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


13370 

1.3399 
13427 
13456 
13485 
i35i4 
13543 
13572 
i36oo 
13629 

13658 
13687 
13716 
13744 

\Ull 

i383i 
i386o 
13889 
13917 


99102 
99098 
99094 
99001 
99087 
99083 
99070 
99075 
99071 
99067 


9*126125 
127060 

I22p5 

131706 
i3263o 
i3355i 
134470 


15.62 

15.42 

\Ut 

15.32 
15.29 


9.996083 
996066 

996049 
996032 
996015 

^ 

995963 
995946 
995928 


-29 
•29 
.29 

•29 
•29 
.29 

•29 
.29 

•29 
•29 


9.130041 
130994 
i3i944 
i328o3 

134784 
135726 
136667 
137605 
138542 


15.87 
15.84 
i5.8i 
,5.77 
15.74 
15.71 
15.67 
i5.64 
i5.6i 
15.58 


10-869959 

865216 
864274 
863333 
862395 
861438 


99063 
99o5o 
99055 
9905i 
99047 
99043 

^ll 

9903 1 

99027 


9.135387 
i363oi 
137216 
i38i28 
139037 

141 754 

142655 
143555 


15.25 

l5.22 
15.19 

i5.i6 

l5.I2 

\i2 

i5o3 
i5.oo 
14-96 


9.995011 
995894 

« 
995806 
995788 


.29 
•29 
•29 
.29 

•29 
.29 

•29 
.29 
.29 
.29 


9.139476 
140409 
141340 
142269 
143196 
144121 
145044 
145966 
146885 
147803 


15-55 
i5-5i 
15.48 
15.45 
15.42 
15.30 
15-35 
1532 
i5-29 
15-26 


io.86o524 
859591 
858660 

855879 
854956 
854034 
853ii5 
852197 




N.008.'N.8ine. 


L. COS. 


D.l" 


L.Blne. 




L.cot 


D.l" 


L. tang. 


' 


MO 1 
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TRIGONOMETRICAL FUNCTIONS,— 8*. 



Nat. FuNcnoNB. 


L0«ABITHMI0 PUNCJTIONB + 10. 


/ 


N.slne. 


N.cos. 


L.Bine. 


D. 


V 


L.008. 


D.l" 


L. tang. 


Dl." 


L.cot 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


13975 
14004 
i4o33 
i4o6i 
14090 
14119 
14148 
14177 
i42o5 


99027 
99023 
99019 
99015 
99011 
99006 

X98 
98994 


9.143555 
144453 

145340 
146243 
147136 
148026 
148015 
149802 
i5o686 
i5i569 
1 52451 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


.96 
-93 

■.li 


9.996763 
996735 

995717 
996699 

9^5664 
996646 
996628 
996610 
996691 
995673 


.30 
.30 
.3o 
.30 
•30 
.30 
.30 
.30 
.30 
.30 
.30 


149632 
160644 
161464 
162363 
153269 
164174 


16.26 
15-23 

l5.20 

15-, 7 
15-14 
16-11 
16-08 
i5-o5 

l502 

14-9? 
14.96 


10-862197 
861282 
85o368 
840456 
848646 
847637 
846731 
846826 
844923 
844022 
843123 


60 
59 
68 
57 
66 
65 
64 
63 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


14234 
14263 
14292 
14320 
14349 
14378 
14407 
14436 
14464 
14493 


9398J 
98978 

# 

98957 
98953 
98948 
98944 


9-153330 
164208 
i55o83 

159435 

i6o3oi 
161164 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


63 
60 

?7 
54 

61 

48 

46 

42 


9.996666 
995537 
996619 
996601 
^5482 
996464 
996446 
995427 
995409 
996390 


.30 
.30 
.30 
.31 
.31 
.31 
31 
.31 
.31 
.31 


9-i5^75 

160467 
161347 
162236 
i63i23 
164008 
164892 
166774 


1493 
14-90 

14-87 
14-84 
i4-8i 
14-79 
14-70 
14-73 
14-70 
14-67 


10-842226 
841320 
840435 
839643 
838663 
837764 
836877 
836992 
836To8 
834226 


21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


14522 

I455i 
i458o 
14608 
14637 
14666 
14695 
14723 
14752 
14781 


98940 
98936 
98931 
98927 
98923 
98919 
939U 
98910 
98906 
98902 


0-162025 
162885 
163743 
164000 
165454 
i663o7 

168856 
169702 


14- 
14- 
14- 
14- 
14- 
14- 
14- 
14- 
14- 
14- 


33 
3o 
27 
24 
22 

\l 

i3 
10 
07 


995334 
995316 

996260 
996241 
996222 
996203 


.3i 
-3i 
-31 
.31 
.3i 
31 
.3i 

.32 
.32 

.32 


9*166664 
167532 
168409 
169284 
170167 
171029 
171809 
172767 
173634 
174499 


14-64 
1461 
14-58 
14-55 
14-53 
14-50 
14-47 
14-44 
14-42 
14-39 


10-833346 
832468 
831691 

82^971 
828101 
827233 
826366 
826601 


89 
88 
87 
86 
85 
84 
83. 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 


148 10 
14838 
14867 
14896 
14925 
14954 
14982 
I Son 
i5o4o 
15069 

i5i26 
i5i55 
i5i84 

l52I2 

i524i 
15270 
15299 
i5327 
15356 


9889^ 

98889 
98884 
98880 
98876 

9886] 
98868 


9-170547 
171389 
172230 
173070 

_ 173908 
174744 
175678 
176411 
177242 
176072 


14- 
14- 
i3. 
i3. 
i3. 
i3. 
i3. 
i3 
i3 
i3 


06 
02 

94 

^8 

86 
83 
80 


9.995184 
996166 
996146 
996127 
996108 
995089 

& 


.32 

t 

.32 

.32 
.32 
.32 
.32 


9.176362 
176224 
177084 
177942 

ill 

j8i36o 
182211 
183069 


14-36 
14-33 
14-31 
14-28 
14-25 
14-23 

14*20 

14-17 
I4i5 
14-12 


10-824638 
823776 
822916 
822068 
821201 
820345 
819492 
818640 
817789 
816941 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


98854 

9884? 
98841 
98836 
98832 

98818 
98814 


9.178900 

181374 
182196 
i83oi6 
183834 
184661 
186466 
186280 


i3 
i3 
13 
i3 
i3 
i3 
i3 
i3 
i3 
i3 


77 
74 
72 

64 
61 

63 


9.994993 
994974 
994955 
994935 
994916 
994896 
994877 
994857 

?^48«8 


.32 

.32 
.32 
.32 
.33 
.33 
.33 
.33 
.33 
.33 


9.183907 
184762 
186607 
186439 
187280 
188120 
188968 
189794 
190629 
191462 


14-09 
14-07 
14-04 
14-02 

\t^ 

i3-93 
i3-9i 
13.89 
13-86 


10-816093 
816248 
814403 
8i366i 
812720 
811880 
811042 
810206 

So^sls 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


'61 
52 
53 
54 
55 
56 
57 
58 
59 
60 


15385 
i54i4 
15442 
1 547 1 
i55oo 
15529 
15557 
15586 
i56i5 
15643 


988^ 
98800 
98796 

98??7 
98782 
98778 


9-187092 
187903 
188712 

191130 
191933 
192734 
193534 
194332 


i3 
i3 
i3 
i3 
i3 
i3 
i3 
i3 
i3 
i3 


61 

48 
46 
43 
41 
38 
36 
33 
3o 
28 


9.994798 
994779 
994769 
994739 
994719 
994]00 
994680 
994660 
994640 
994620 


.33 
.33 
.33 
.33 
.33 
.33 
.33 

-33 
.33 
.33 


9.192294 
193124 
193953 

\^^ 
196430 
197253 
198074 
198894 
199713 


13-84 
i3-8i 

13-74 
13-71 
13-69 
13-66 
13.64 
13.61 


10-807706 
806876 
806047 
806220 
804394 
803670 

801926 
801106 
800287 


9 
8 
7 
6- 
6 
4 
8 
2 
1 



N.C08. 


N.sine. 


L.eos. 


D.l" 


L.siiie. 




L.oot 


D.l" 


L. tang. 


' 


§1° 1 



TRIOOKOlfETBICAL FUNCTIONS.— O*. 
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Nat. Functions. 


LooABiTHMio Functions + 10. 



1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


N.slne, 


N.coa. 


L.sine. 


D.l" 


L.eo8. 


D.1" 


L.tang. 


D.l" 


L.eot 




15643 
15672 
1 5701 

15845 
15873 
15902 
15931 

?^ 

16012 
116046 
16074 
i6io3 
i6i32 
i6i6o 
16180 
16218 


98769 
98764 
98760 
98755 
98701 
98746 

98741 
98737 
98732 
98728 
98723 


9-194332 
195120 
195925 
196^19 

198302 
199091 

2oi45i 
202234 


13.28 
13.26 
13.23 

l3.2I 

i3-i8 
13.16 
i3.i3 
i3.li 
13.08 
i3.o6 
13.04 


9.994620 
994600 
994580 
994560 
994540 
994519 
994499 
994479 
994460 
994438 
994418 


.33 
.33 
.33 
•34 
.34 
•34 
.34 
•34 
.34 
•34 
.34 


9.199713 
200529 
201345 
202169 
202971 
203782 
204692 
206400 
206207 
207013 
207817 


13.61 
13.59 
13.56 
13.54 
13.52 
13.49 
13.47 
13.45 
13.42 
13.40 
i3.38 


10*800287 
799471 
798665 
797841 
797020 
796218 
795408 
794600 
793793 
792987 
792183 


60 
59 
68 
67 
66 
55 
54 
53 
52 
51 
50 


98718 
98714 
98709 
98704 

98681 
98675 


9 -20301 7 

203797 
2o6i3i 

209222 
209992 


I3.0I 
1294 

lit 
Wil 

12.82 
12.80 


9.994397 
994377 

994316 
994295 
994274 
994264 
994233 
994212 


•34 
.34 
.34 
•34 
•34 
•34 
•35 
.35 
.35 
*35 
.35 
*35 
.35 
-35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
•36 
•36 
.36 
• 36 
•36 
.36 


9.208619 
209420 
210220 
211018 
2ir8i5 
212611 
2i34o5 
214198 

2149H9 
215780 

9*216568 
217356 
218142 
218926 
219710 
220492 
221272 
222062 

222830 

2236o6 


13.35 
13.33 
i3.3i 
13.28 
13.26 
13.24 

l3.2l 

j3*i9 
13*17 
i3*i6 


io*79i38i 

788185 

785802 
78501 1 
784220 


49 
4S 
47 
46 
45 
44 
48 
42 
41 
40 
89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


16246 
16275 
i63o4 
16333 
i636i 
16390 
16419 
16447 
16476 
i65o5 

16533 
16562 
16591 
16620 
16648 

16706 
16734 
16763 
16792 


^\ 

98662 
98657 

98652 
98648 
96643 
98638 
9S633 
98629 

98624 
98619 
98614 
98609 
98604 
98600 
98595 

& 

98580 


9.210760 
211626 
212291 
2i3o55 
2i38i8 

2I53]? 

2l68D4 
217609 

9.218363 
219116 
219868 
220618 
221367 

222Il5 
222861 

2236o6 

224349 
225092 


.2.78 
12.75 
12.73 
12.71 
12.68 
12-66 
12.64 

12-61 

12.59 
12.57 


9-994191 
994171 
994160 
994129 
994108 

994066 
994045 
994024 
994003 


13.12 

13*10 
13.08 
i3.o5 
i3.o3 
13-01 
12-99 
12.97 
12-94 
12*92 


10*783432 
782644 
781858 
781074 
780290 
779508 
778728 
777948 
77J170 
776394 


12-55 
12-53 
19. 5o 
12.48 
12.46 
12-44 

12-42 

12.39 
12.37 
12.36 


9.993981 
993960 

993896 

993854 
993832 
993811 
993789 


9.224382 
225i56 

225929 

226700 

111% 

229007 

229773 

230639 

23l302 


12*90 
12*88 
12*86 
12-84 
12.81 
12.79 
12.71 
12*75 
if.73 
12*71 


10*775618 
774844 
774071 
773300 
772529 
771761 
770993 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


16820 
16840 
16878 
16906 
16935 
16964 
16992 
1 702 1 
i7o5o 
17018 


985,5 

& 
98561 
98556 
9855i 
98546 
98541 
98536 
98531 
98526 
98521 
98516 
985 1 1 
98506 
98501 
98496 

98491 
98486 
98481 


9-225833 
226573 
22731 1 
228048 
228784 
229618 

230252 

230984 

23i7i5 
232444 


12.33 

I2.3I 
12.28 
12.26 
12.24 
12*22 
12-20 
12. 18 
12.16 
12. 14 


9.993768 

& 

993660 

993638 
993616 
993594 
993572 


.36 
•36 
•36 
• 36 
.36 
.36 
.36 
•36 


9*232065 
232826 
233586 
234345 
• 235io3 
235859 
236614 
237368 
238120 
238872 


12*69 
12.67 
12.66 
12.62 
12.60 
12-58 
12-56 
12.54 
12.52 

12-50 


10*767935 

766414 
765655 
764897 
764141 
763386 
762632 
761880 
761128 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


ni*7 

I7I36 
17164 
17193 
17222 
17250 

17308 
17336 
17365 


9-233172 

234625 
23534Q 
236073 

238235 
238953 
239670 


12.12 
12.09 

12.03 
12*01 
11.99 

11.93 


9.993550 
993528 
993506 
993484 
993462 
993440 
993418 
993396 


1 

•37 


9.239622 
240371 
241118 
241865 
242610 
243354 
244007 
244839 
245579 
246319 


12.48 
12-46 
12.44 
12.42 
12.40 
12-38 
12*36 
12.34 
12.32 
12. 3o 


10*760378 
758i35 

755903 
755161 
754421 
753681 


9 
8 
7 
6 
5 
4 
8 
2 
1 



N.coB.|N.8in«. 


L. coo. 


D.r' 


L.8lne. 




L. cot 


D.l" 


L.taiig. 




«oo 1 
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rEIGONOMBTaiCAL FUNCTIONS.— 


lo^ 






Nat. Functions. 


LoeAiuTHiao Functions + 10. 


1 


N.dne. 


N.cos. 


Lsiiie. 


D.l" 


L.008. 


D.1" 


L-tang. 


D.l" 


L.cot 





1 
2 
8 

5 
6 

7 

8 

9 

10 


17365 
17393 
17422 
17431 

17479 
17008 

17661 


98481 
98476 

98461 
98455 
98450 
98445 
98440 
98436 
98430 


241101 
241814 
242626 
243237 

246363 
246069 
246773 


M.93 
\\:% 

11-83 
ii-8i 
11.79 

11.77 

v4 


9.993361 
993329 

& 
993262 
993240 
993211 
993195 
993172 
993149 
993127 


1' 
1 

.38 
-38 
.38 
.38 


9.246319 
247067 

249264 

260730 
261461 
262191 
262920 
253648 


12. 3o 
12-28 

12-26 
12-24 
12-22 
12-20 
12-18 
12.17 
I2-15 
12-13 
I2-II 


10-753681 

762206 
731470 
760736 
760002 

74»3i9' 
747809 
747080 
746352 


60 
69 
58 
67 
66 
65 
64 
58 
62 
61 
60 
49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


11 
12 
18 
14 
15 
Id 
17 
13 
19 
20 


17680 
17708 

17852 
17880 
17909 
17937 


98425 
98420 
98414 
98409 
98404 
98399 
983g4 

98378 


'•a 

248883 
249583 
260282 
260980 
261677 
262373 
263067 
263761 


11-63 
11-61 

n'56 
11.54 


9.993104 
993081 
993069 
993o36 
99301 3 
992900 
992967 
992944 
992921 
992898 


.38 
.38 
.38 
.38 
-38 
-38 
-38 
-38 
.38 
.38 


9-254374 
266100 
266824 
266647 
267269 

260863 


12-09 

12 -o5 
12.03 
12-01 
12.00 

"•?? 
11.96 

11-94 
11.92 


10-746626 
744900 
744176 
743433 
742731 
742010 
741290 

739137 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


17966 

i8o52 
18081 
18109 
i8i38 
18166 
18195 
18224 


98373 
98368 
98362 
98367 
98352 
98347 
98341 
98336 
98331 
98326 


9-264453 
266144 
266834 
266623 
2672 I I 

269268 


11-52 

ii-5o 
11.48 
11-46 
11-44 
11-42 
11-41 
11.39 
11-31 
11-35 


992820 
992806 

992783 
992750 
992736 
992713 


-38 
-38 

1 

■39 

.39 


9.261678 
262292 

263oo6 
2637IT 
264428 
266i38 
265847 
266565 
267261 
267967 


■•1 

11.83 
11.81 
11.70 
II -7§ 
11.76 
11.74 


10-738422 

m 

a 

734153 
733446 


89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


18262 

18281 
i83o9 
18338 
18367 
18395 
18424 
18452 
18481 
i8509 


98320 
98316 
98310 
98304 
98299 

98283 
98277 
98272 


9.261314 
261994 
262673 

2633DI 
264027 
26470J 

266723 
267395 


11.33 
11-31 
ii.3o 
11-28 

11-26 

11-24 

11-22 
11-20 

11-19 
11-17 


9-992643 

992610 
992696 
992D72 

992549 
992625 
992601 
992478 
992434 
992430 


.39 

■■% 

.40 
.40 
.40 


9.268671 
269375 
270077 
270779 

27»479 
272178 
272876 
273673 
274269 
274964 


11.72 

11.64 
11.62 
11.60 

11.58 
11.67 


729923 
729221 
728621 
727822 
727124 
726427 
726731 
725o36 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
52 
68 
54 
65 
66 
67 
58 
69 
60 


18538 
18667 
18695 
18624 
18662 
18681 
18710 
18738 


98267 
98261 
98266 
98260 
98246 
98240 
98234 
98220 
98223 
98218 


9.26S065 
268734 
269402 

271400 
272064 
272726 
273388 
274049 


11.16 

11-13 
11-11 

II. 10 

11-08 
11-06 

11-05 
1103 

II-Ol 

10-99 


9-992406 
992382 

& 
992311 
992287 
992263 
992239 
992214 
992190 


.40 
-40 
-40 
-40 
•40 
.40 
-40 
-40 
•40 
.40 


9.276668 
276361 
277043 
277734 
278424 
279113 
279801 
280488 
281174 
281868 


11.55 
11.53 
II. 5i 
ii.5o 
11.48 
11-47 
11.45 
11.43 
11.41 
11.40 


10.724342 
723649 
722967 
722266 

720199 

718826 
7I8I42 


19 
18 
17 
16 
16 
14 
18 
12 
11 
10 


18824 
18862 
18881 
18910 
18938 

:^? 

19024 
19062 
19081 


98212 
98207 
98201 
98196 

tt^ 
98179 
98174 
98168 
98163 


'■vx 
276014 
276681 
277337 

279297 


10.98 
10-96 
10.94 
10-92 

lO-OI 

10-89 
10.87 

10-86 
10-84 
10-82 


9-992166 
902142 
992117 
992093 
992069 
992044 
992020 
991996 
991971 
991947 


•40 
.40 
•41 
•41 
•41 
.41 
.41 
•41 
•41 
•41 


9.282642 
283fi25 

284?8? 
286268 

287301 


11.38 
11.36 
11.35 
11.33 
II. 3i 
II. 3o 
11.28 
11.26 

11.25 
11-23 


10.747468 

716775 
716093 
7I64I2 
714732 
714063 

713376 
712690 

712023 

711348 


9 
8 
7 
6 
6 
4 
8 
2 
1 





N.C08. 


N. sine. 


L. COS. 


D.l" 


L.sine. 


1 


L.cot. 


D.l" 


L.taii». 


r 


79« 1 



TBISONOHETBICAL tUNCnONS.— 11*. 



41 



Nat. Functions. 


LooABiTHMio Functions + 10. 


/ 


N.sliie. N. coe. 

1 


L.SI11A. 


D.l" 


IfcOOi. 


D.1" 


L.tang. 


D.l" 


L.oot. 






1 
2 
8 
4 
b 
6 
7 
8 
9 
10 

11 
13 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
34 
35 
86 
37 
38 
39 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


19081 

I9i38 
19167 
19195 
19224 
19262 
1 928 1 

I933? 
19366 


98163 
98167 
98162 
98146 
98140 
98135 
98129 
98124 
98118 
98112 
98107 


9*280699 
281248 
281897 
282644 
283190 
283836 
284480 
286124 
286766 
286408 
287048 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


.82 
.81 
•79 

■]l 

74 
72 


9.991947 
991922 
991897 
991873 

991848 

991823 

991799 
991774 
991749 
991724 
991699 


*4i 
*4i 
•41 
*4i 
•41 
*4i 
*4i 
•42 
•42 
•42 
•42 


9*288662 
289326 
289999 
290671 
291342 
292013 
292682 
293350 
294017 
294684 
295349 

9*296013 
296677 
297339 
298001 
S98662 
299322 

3oi2o6 
301961 
9.302607 
3o326i 
3o3oi4 
304667 
306218 
306869 
306619 
307168 
307816 
3od463 


11 
II 
II 
II 
II 
11 
II 
11 


23 

22 
20 
18 

\l 

14 
12 
11 

09 

07 


10*711348 
710674 
710001 

707087 
707316 
706660 

« 

704661 

702661 

]m 

700678 
700020 

698049 

696433 
694782 
694131 
693481 
692832 
692186 
691537 


60 
59 
58 
67 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

89 
88 
87 
86 
35 
34 
83 
82 
81 
30 


19395 
19423 
19452 
19481 

\^ 

19566 

'?^? 
19633 

19652 
19680 
19709 
19737 
19766 
19794 
19S23 
19861 
19880 
19908 
19937 
19966 
19994 
20022 
20061 
20070 
20108 

20136 
20166 
20193 
20222 
20260 
20279 
2o3o7 
20336 
2o364 
20393 
20421 
20460 
20478 
2o5o7 


98101 
98096 

98X 

98061 
98066 
98060 


288064 
289600 
290236 
290870 
291604 
292137 
292768 
293399 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


64 

63 
61 

u 

66 
64 
63 
6i 
60 


9.991674 
991649 
991624 
991699 

99*574 
991549 
991624 
991498 
991473 
991448 


•42 
•42 

*42 

•42 
•42 

*42 
*42 
*42 

•42 
•42 


II 
II 
II 
11 
11 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


06 
04 
o3 
01 
00 

96 
95 
93 
92 

U 

84 
83 
81 
80 
78 
77 


98044 

98016 
98010 
98004 
97998 
97992 


^-2^5? 

296286 

2^39 
297164 
297783 

298412 
299034 

299666 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


48 
46 
46 
43 
42 
40 

1 

34 


9-99«422 
991397 
991372 
991346 
991321 
991296 
991270 
991244 
991218 
991193 


*42 
*42 

*43 
*43 
*43 
*43 
*43 
*43 
*43 
*43 


97987 
97981 
97976 

97968 
97962 
97946 
97940 
97934 


9*300276 

300896 

3oi6i4 

302l32 

302748 
3o3364 

306207 
306819 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


32 

3i 

It 

26 
26 

23 
22 
20 
19 


9*991167 
99"4i 
991116 
991090 
991064 
991038 
991012 
990986 
990960 
990934 


*43 
•43 
*43 
*43 
*43 
*43 
*43 
•43 
*43 
.44 


9*309109 
309764 
310398 
3 I 1042 
3ii686 
312327 

314247 
314885 


10 
10 

19 
10 
10 
10 
10 
10 
10 
10 


75 
7» 

11 
tl 

64 
62 


10*690891 
690246 

689602 
688968 

6883i6 
687673 
687033 
686302 
686763 
686116 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


97928 

97922 
97916 
97910 

97^ 

97876 


9*3o643o 
307041 
307660 
306269 
308867 

310060 
310686 
311289 
311893 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


12 

14 
i3 
II 
10 
08 

11 

04 


9*990008 
990882 
990866 
990820 
990803 

990777 
990760 
990724 
990697 
990671 


•44 
•44 
•44 
*44 
•44 
•44 
•44 
•44 
•44 
•44 


9*315623 
316169 
316706 

3l2o64 
318697 
319329 
319961 
320692 

321222 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


61 
60 
68 

11 

64 
63 
5i 
5o 

48 


10-684477 
683841 
683206 
682670 
68io36 
68i3o3 

670408 

678778 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 



2o536 
j 2o563 
20692 
20620 
20649 
20677 
20706 
20734 
20763 
20791 


97846 

97827 
97821 
97816 


9*312496 
3 1 3097 
313698 
314297 
314897 
316496 
316092, 
316689 
317284 
317879 


10 
10 
10 
9 
9 
9 
9 
9 
9 
9 


o3 
01 
00 

98 

91 
90 


9*990644 
990618 

990638 
990611 
990485 
990468 
990431 
990404 


•44 
*44 
*44 
*44 
*44 
*46 
*46 
•46 


9*32i85i 
322479 
323 I 06 
323733 
324J58 
324983 
326607 
326231 
326853 
327475 


10 
10 
10 
10 
10 
lo 
10 
10 
10 
10 


ii 

44 
.43 
41 
40 

i 

35 


10.678149 
677621 
676894 
676267 
676642 
676017 
674393 
673769 
673147 
672626 




N.eoe.N.8ine. 


Ii. 00s. 


D.l" 


Ii.slne. 




L.eot 


D.l" 


L. tang. 


' 


T8*> "1 
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TEIGONOMETBICAL FUNCTIONS.— !»», 



Nat. PuwcnoNs. 


LoGARiTHxic Functions + 10. 


1 
2 
8 
4 
5 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


N.Bine.JN.oofl. 


L.Bine. 


D.V' 


Ii.C08. 


D.l" 


L.tang. 


DM'' 


L.cot 




20791 
20820 
20848 
20877 
2090$ 
20933 
20962 
20^90 
21019 
21047 
21070 


97815 

^7^0^ 
97797 
97791 
97784 
97778 

97766 
97760 

97754 


319066 

319658 
320249 
320840 
321430 
322019 
322607 
323104 
323780 


It 

9.84 

9-83 
9.82 
9.80 
9-79 
9-77 
9.76 


9.990404 
990378 
99035 1 

990324 
990297 
990270 
990243 
990215 
990188 
990161 
990134 


•45 
-45 
-45 
•45 
.45 
•45 
•45 
•45 
.45 
•45 
•45 


328715 
329334 
329053 
330570 
331187 

33i8oi 
332418 
333o33 
333646 
9-334259 
334871 
335482 
336093 
336702 
337311 
337919 
338D27 
339133 
339739 


10.35 
10.33 
10.32 
10. 3o 

10-20 

10-28 
10.26 

10-25 

10-24 

10-23 
10-21 


10.672526 
671905 
671285 
670666 
670047 
669430 
668813 
668197 
667562 


60 
59 
68 
67 
66 
55 
64 
53 
62 
61 
50 
49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


21104 

2Il32 
2I161 

;2ii8o 
21218 
21246 
'21275 
; 2i3o3 
2i33i 
2i36o 


97748 
97742 
97733 
97729 
Q7723 
97717 
977" 

97692 


9.324366 
324950 
325D34 
326117 
326700 
327281 
327862 
328442 
329021 
329599 


9-75 

9.73 
9.72 
9-70 

9-68 
9.66 
9-65 
9.64 
9.62 


9.990107 
990079 
990o52 
900025 

989997 
989970 
989942 

98^87 
989860 


-46 

.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 


10.20 
10-19 
10-17 
io-i6 
10-15 
10-13 

10-12 
10-11 
10-10 

10-08 


10.665741 
665120 
664518 

663?P 

662081 
661473 
660867 
660261 


21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
65 
56 
57 
58 
59 
60 


21388 
21417 
21445 

21474 

2l502 

2i53o 
21559 

21587 

21616 
21644 


97686 
97680 

97667 
97661 
97655 
97648 
97642 
97636 
97630 


9-330176 
330753 
33i329 
331903 
332478 
333o5i 
333624 
334195 
334766 
335337 


9-61 
Q.6o 
9-58 

9^1 

9.52 
9.50 
9.49 


9.989832 
9S9804 
989777 
989749 
989721 
989693 
989665 
989637 
989609 
989582 


.46 
.46 
.46 

•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 
•47 


9-340344 
340048 
341552 
342156 

liiiU 

343o58 
344558 
345x57 
345755 


10-07 
10-06 
10-04 
io-o3 
10-02 
10-00 
9.99 

9-98 
9.97 
9.96 


10.659656 
659052 
658448 
657845 
657243 
656642 
656042 
655442 
654843 
654245 


89 
38 
87 
86 
35 
34 
33 
32 
31 
80 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


21672 
21701 

l\]U 

21786 
21814 
21843 
21871 
21890 
21928 


97623 

97617 
97611 

97604 
97598 

97585 

ii 


9.335906 
336475 
337043 
337610 
338176 
338742 
339306 
339871 
340434 
340996 


9.48 
9.46 
9-45 
9.44 
9-43 
9*41 
9.40 
9.39 

III 


9.989553 
989525 

989497 
989469 
98^441 
989413 
989384 
989356 
989328 
989300 


9-346353 
346049 
347543 
348141 
348735 
349329 

35iio6 
351697 


9.94 
9.93 
9.92 
9-91 

ITs 
f.tl 

9-85 
9-83 


10-653647 
653o5i 
652455 
65i859 
661265 
650671 
650078 
649486 
648894 
6483o3 


21956 
21985 

220l3 
22041 
22070 
22098 
22126 
22155 
22183 
22212 


97560 
97553 
97547 
97541 
97534 
97528 
97521 
975i5 
97508 
97502 


9-341558 
342110 
342679 
343239 

3443?? 
344912 
345469 
346024 
346579 


9-35 
9.34 
9-32 
9.31 
9-30 
9.29 

9-26 
9.25 
9-24 


9.989271 
989243 
989214 
989186 
9p»57 
989128 
989100 
989071 
989042 
989014 


•47 
•47 
•47 
•47 

:% 

-48 
.48 
.48 
.48 


9-352287 
352876 
353465 
354053 
354640 
355227 
3558i3 
355398 
356982 
357666 


9-82 
9-8i 
9-80 
9*79 
9^77 
9.76 
9.75 
9-74 
9.73 
9.71 


10-647713 
647124 
646535 

644773 
644187 
643602 
64301 8 
642434 


! 22240 
22268 
22297 

j 22325 

22353 

22382 

22410 
22438 

22467 
22495 

n'cos. 


97406 
97480 
97483 
97476 
97470 
97463 
97457 
97450 
97444 
97437 


9-347134 
347687 
348240 
348792 
349343 
349893 
350443 
350992 
35i54o 
352088 


9-22 

9-21 

9.20 
9.19 
9.17 
9.16 
9.15 

9-14 
9-i3 
911 


9.988985 
988^56 

988840 
988811 
988782 
988753 
988724 


.48 
.48 
.48 
.48 
.48 
.48 
•49 
•49 
•49 
.49 


9-358149 
358731 
359313 
359893 
360474 
36io53 
36i632 

362210 

362787 

363364 


9-70 
9.68 

Itl 

9-65 
9.63 
9.62 
9-61 
9.60 


10-641851 
641269 
640687 
640107 
639526 
638947 
638368 
637790 
637213 
636636 


9 
8 
7 
6 
6 
4 
8 
2 
1 



N.sliie. 


L. COS. 


D.l" 


L.>lne. 




i L.cot 


D.l" 


L.taiig. 


' 


T7« 1 









TRIGONOMETEICAL FUNCTIOKS.— 


13*. 




43 


Nat. PuNcrriONS. 


LottARiTHMio Functions + 10. 




1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
_20 

21 
22 
2:3 
24 
25 
26 
27 
23 
20 
80 
81 
82 
83 
84 
85 
36 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
4S 
49 
50 
51 
52 
58 
64 
65 
56 
67 
58 
59 
60 


JN.gineJN.cos. 


L.8ine. 


D. 1" 


L.COS. 


D.l" 


L. tang. 


Dl." 


L.cot 




22495 

22523 
22552 

2258o 

22608 
22637 

22665 

22693 

22722 
22750 

22778 
22807 
22835 
22863 
22892 
22920 

22948 

22977 
23oo5 
23o33 
23o62 


97437 
97430 
97424 
97417 
9741 1 
97404 
97398 

973^4 
97378 
97371 


9*352088 
352635 
353i8i 
353726 
354271 
3548i5 
355358 
355901 
356443 
356084 
357524 


9*11 
9*10 
9.00 
9.08 
9*01 
9*o5 
9.04 
9*o3 

9*02 

9*01 
8-99 


088636 
988607 
988578 
988548 
988519 
988489 
988460 
988430 
9*988401 
988371 
988342 
988312 
988282 
988252 
988223 
988193 
988163 
988133 


•49 
.49 

•49 
.49 
.49 
•49 
.49 
.49 
.49 
.49 
•49 

•49 
.49 

t 

*5o 
.50 
.5o 
*5o 
.50 
*5o 


9-363364 
363940 
364515 
365090 
365664 
366237 
366810 
367382 
367953 
368524 
369094 


9*6o 

It 
III 

9-54 
9-53 

9.5. 

9. Do 
9.49 


10*636636 
636o6o 
635485 
634910 
634336 
633763 
633190 
6326i8 
632047 
63x476 
630906 


60 
59 
63 
67 
66 
65 
54 
68 
52 
61 
60 


97365 
97358 
97351 
97345 
97338 
97331 
97325 
97318 
973 1 1 
97304 


9* 358064 
3586o3 
359141 
359678 
36021 5 
360752 
361287 
361822 
362356 
362889 


8*98 

8-95 
8.93 

ill 


9*369663 
370232 
370799 

Pl 

372499 
373064 
373629 
374IQ3 
374756 


9.48 
9.46 
9-45 
9.44 
9-43 
9-42 
9-41 
9.40 

lit 


io*63o337 
629768 
629201 
628633 
628067 
627501 
626936 
626371 
625807 
625244 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


23090 
23 1 is 
23i46 
28175 

23203 
23231 

23260 
23288 

233i6 
23345 
23373 
23401 
23420 
23458 
23486 
235i4 
23542 
23571 
23599 
23627 


97298 
97291 
97284 
97278 
97271 
97264 
97257 
97251 
97244 
97237 


9*363422 
363954 
364485 
365oi6 
365546 
366075 
366604 
367i3i 
367659 
368i85 


8*87 
8*85 
8*84 
8*83 
8*82 
8*81 
8.80 
8*79 

m 


9*988103 
988073 
988043 
988013 
987983 
987953 
987922 

$kl 

987832 


.5o 
*5o 
.5o 
.50 
.50 
.50 
.50 
.5o 
.50 
.5i 


9.375319 
375881 
376442 
377003 
377563 
378122 
378681 
379339 

mm 


til 

9-34 

9-33 
9.32 
9*31 
9*3o 

f.lt 

9.27 


10*624681 
624119 
623558 

&j 

621878 
621319 
620761 
620203 
619646 


89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


97230 
97223 
97217 
97210 
97203 
97106 
97189 
97182 
97176 
97169 


9*368711 

369761 
370285 
370808 
371330 
371852 
372373 
372894 
373414 


8.73 
8*72 

8-71 

sX 

8*67 
8*66 
8*65 


9-987801 
987771 
987740 
987710 
987679 

987588 


.51 
.51 
.51 
.51 
.51 
*5i 
.5i 
.5i 
*5i 
*5i 


9*380910 

381466 
382020 
382575 
383129 
383682 
384234 
384786 
385337 
385888 


9.26 
9*25 
9-24 
9*23 
9*22 
9*21 
9*20 

IM 

9-17 


10*619090 
618534 
617980 
617425 
616871 
6i63i8 
615766 
6i52i4 
614663 
614112 

10*613562 
6i3oi3 
612464 
611916 
611369 
610822 
610276 
609730 
609185 
608640 


29 

28 

27 

26 

25 

24 

28 

22 

21 

20 

19 

13 

17 

16 

15 

14 

18 

12 

11 

10 

9 

8 

7 

6 

6 

4 

8 

2 

1 




23656 
23684 
23712 
23740 
23769 

lllU 

23853 
23882 
23910 


97155 
97148 
97141 
97134 
97127 
97120 
97113 
97106 
97100 


9.373933 
374452 
374970 

& 

376519 
377035 

^378577 


8*64 
8*63 
8*62 
8*6i 
8*60 

ik 

8*54 


987434 
987403 

987372 
987341 

987310 

987270 
987248 
987217 


*5i 
*5i 
.5i 

*52 
.52 

.52 
.52 
.52 

*52 

.52 


9*386438 

388084 

388631 
389178 
389724 
390270 
390815 
391360 


9i5 
9.14 
9*i3 
9*12 
9*11 
9*10 
9*00 
9.08 
9.07 
9.06 


23938 
23966 
23995 
24023 
24o5i 
24079 
24108 
24136 
24164 
24192 


97079 
97072 

97o65 
97o58 
97o5i 
97044 
97037 
97o3o 


9*379089 

380624 

38ii34 
381643 
382152 
382661 
383 1 68 
383675 


8*53 
8*52 
8*51 
8*5o 

8*4? 
8*47 
8.46 
8*45 
8*44 


9.987186 
987155 

987124 
987030 

m 

986904 


.52 
.52 
.52 
.52 
.52 
.52 
*52 
*52 

.52 

*52 


9.391903 
392447 

394073 
394614 
3951 54 
395694 
396233 
396771 


9-o5 
9.04 
9 03 

9*02 

901 

0*00 

h 


10 -608007 
607553 
607011 
606469 
605927 
605386 
604846 
604306 
603767 
603229 


jN. 006. ,N. sine. 


L. COS. 


D.l" 


L.sine. 




L. cot 


D.l" 


L-tang: 


' 


T60 1 



M 



TBIGOKOHirrBICAIi FCITCTIOITS. — 14». 



Nat. Functions. 


Logarithmic Functions + 10. 1 


/ 


N.8ine.l N. COS. 

1 


L.Blne. 


D.l" 


L.COS. 


D.1'' 

.53 

•53 

.53 
.53 
.53 
.53 
.53 

.63 
•53 
.53 


I L. tang. 


D.l" 


L.cot 





1 
2 
8 
4 
5 
6 
7 

•8 
9 

10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
56 
56 
57 
58 
59 
60 


24192 
24220 
24249 
24277 
243o5 
24333 
24362 
24390 
24418 
24446 
24474 
245o3 
i 24531 
1 24JD9 
24687 
24616 
24644 
24672 
24700 
24728 
24766 


97o3o 
97023 
97016 
97008 
97001 
96994 
96987 
96980 
96973 
96966 
96969 

96952 
96945 
96937 
96930 
96923 
96916 
96909 


9-383675 
384162 
384687 
386192 
385697 
386201 
386704 
387207 
387709 
388210 
38871 1 


8.44 
8.43 
8.42 
8.41 
8.40 

8*3? 
8.37 
8.36 
8.36 
8.34 


'•a 

986841 

9867^ 
986746 

986^83 
986661 
986619 
986687 


9.396771 
397309 
397846 
398383 

399090 
400624 
401068 
401691 
402124 


8-96 
8.96 
8.96 
8.94 
8.93 
8.92 
8.91 
8.90 
8.89 
8-88 
8-87 


10.603229 
602691 
602164 
601617 
601081 
600646 
600010 

698942 
698409 
597876 


60 
69 
68 
57 
56 
55 
54 
58 
52 
51 
50 
49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


9'3892ii 
389711 
390210 
390708 
391206 
391703 

& 


8.33 
8.32 
8.3i 
8-30 ' 
8.28 

8^2^ 

8.25 
8.24 
8.23 


9.986666 
986623 

9864?9 

& 

986363 
986331 


.53 
.53 
.53 
.53 
.53 
.53 
.54 
.54 
.54 
•54 


9.402666 
^ 4o3i87 
403718 
404249 
404778 
4o53o8 
405836 
406364 
406892 
407419 

408097 
409621 
410045 
410669 
41 1092 
4ii6i5 
412137 
412668 


8.86 
8-85 
8.84 
8-83 
8.82 
8.81 
8.80 

t]l 
8.77 


10-697344 
696813 
596282 
695761 
696222 

593636 
693108 
552681 


24784 
24813 
24841 
24869 
24897 
24926 
24954 
24982 
26010 
25o38 
26066 
26094 
26122 
26161 
26179 
26207 
26235 
25263 
26291 

25320 

25348 
25376 
26404 
26432 
26460 
26488 
26616 
25545 
26673 
26601 


96880 
96873 
^866 
96868 
96861 
96844 
^837 
96829 
96822 
96815 

?^ 

96778 

96764 
96766 

96749 
96742 


396166 
396668 
396160 
396641 
397132 

398600 

9.399088 

399676 

400062 

400649 

401036 
401620 
402006 
402489 
402972 
403455 


8.22 
8.21 
8.20 
8.10 
8.18 
8.17 
8.17 
8.16 
8.i5 
8.14 


9.986234 
086202 
086169 
986137 
>^6io4 

^o]9 
986007 
986974 
986942 


•54 
•64 
.54 
•54 
.54 
•54 
.54 
.54 
•54 
•54 


8.76 
8.75 
8-74 
8.74 

8.72 
8.71 
8.70 
8.69 
8-68 


10.692066 

M 

588?85 
587864 
687342 


39 
83 
87 
86 
85 
84 
88 
82 
81 
80 


8.i3 
8.12 
8. II 
8-10 
8.00 
8-08 
8.07 
8.06 
8.o5 
8.04 


^•9* 
986843 
986811 
986778 
486745 
986712 

986613 


.55 
.56 
.66 
.65 
.55 
.55 
.55 
.55 
.56 
.55 


9-4i3i79 
413699 
414219 
414738 
415267 
416775 
416293 
416810 
417326 
417842 

9.418368 
418873 
419387 

41990J 
420416 
420927 
421440 
421962 
422463 
422974 
9.423784 

42601 1 
426619 
426027 
426534 
427041 

428062 


8.67 
8-66 
8-65 
8-64 
8.64 
8.63 
8.62 
8-6i 
8-6o 
8.59 


10.586821 
686301 
686781 
686262 
684743 
584225 
583707 
683196 
682674 
682158 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


96734 
96727 
96719 
96712 


9.403938 
404420 
404901 
405382 
406862 
406341 
406820 
407299 

408264 


8-03 

8.03 

8-01 
8.00 

?.^ 
?:^ 

7.96 
7-94 


9.986680 

985547 
985514 
986480 
986447 
986414 
o8638o 
985347 
985314 
986280 


.55 
.55 
.55 
.55 
.65 
.56 
.56 
.56 
.56 
.56 


8-68 

l:U 

8.56 
8-65 
8.54 
8.53 
8.62 
8.61 
8.60 


10-681642 
681127 
58o6ii 

5795?? 

» 

678048 
677026 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


26629 
26667 
25685 
25713 
26741 
26769 
26798 
26826 
25854 
26882 


96660 
96663 
96645 
96638 
96630 
96623 
966 J 5 
96608 
96600 
96693 


9.408731 
409207 
409682 
410167 
410632 
411106 
411679 

4120D2 
412624 
412996 


7-94 
7.93 
7.92 
7.91 


986180 
986146 
986113 

98601 1 
984978 
984944 


.56 
.66 
.56 
.56 
.66 
.66 
.56 
.56 
.56 
.66 


8.49 
8.48 
8.48 
8.47 
8.46 
8.45 
8.44 
8.43 
8.43 
8.42 


10.676616 
576007 

674481 
671948 


9 
8 
7 
6 
5 
4 
8 
2 
1 


# 


N.C06. 


N.sine. 


L. COS. 


D.l" 


L.6ine. 




j L. cot 


D.l" 


L. tan§. 


75° 1 







» 


FBIGONOMETBICAL rUNCTlONS.— 


15°. 




45 


Nat. Functions. 


LoeABiTHiao Functions + 10. 1 


/ 



N.8iiie. 


N.C08. 


L.8iiie. 


D.l" 


L.00S. 


D.1- 


|L.tang. 


D.l" 


L.eot 




25882 


96593 


9-412996 
413467 
413938 


7-85 


9nr-:'yW 


•57 


'9.428052 


8.42 


10.571948 


60 


1 


25910 


96585 


7-84 


<j^:.l.to 


•57 


428557 


8.41 


571443 


59 


2 


25938 


96578 


7-83 


9^r'76 


•57 


429062 


8.40 


570938 


53 


8 


2D966 


96570 


414408 


7-83 


9'5i^42 


•57 


429566 


8.39 
8.38 


569930 


67 


4 


25994 


96562 


414878 


7.82 


9^1-^08 


.57 


430070 


56 


5 


26022 


96555 


415347 
4i58i5 


7.81 


^9^"^T74 


.57 


430573 


8.38 


» 


65 


6 


26o5o 


96547 


7.80 


f/M^io 


•57 


431075 


8.37 
8.36 


64 


7 


26079 


96540 


416283 


?:?? 


^--■>6 


•57 


431577 


568423 


63 


8 


26107 
26i3d 


96532 


416751 


<^ ./ "'2 


•57 


432079 
432580 


8.35 


567921 


62 


9 


96524 


417217 


• ?:?? 


m 


.57 


8.34 


^To 


61 


11 


26163 
26191 


96517 


417684 


•57 


433080 


8.33 


60 


96509 


9.418150 


7.75 


'•» 


•57 


0.433580 


8-32 


10*566420 


4U 


12 


26219 


96502 


4i86i5 


7-74 


•57 


434080 


8.32 


565920 


48 


18 


26247 
26275 


96494 


419079 


7-73 


984500 


•57 


434579 
435078 


8.3i 


565421 


47 


U 


96486 


419544 


7.73 


984466 


t 


8.3o 


564922 


46 


15 


263o3 


96479 


420007 


7.72 


984432 


435576 


8.29 


564424 


45 


16 
17 


26331 
26359 


P,l 


420470 
420933 
42i3q5 
42i85i 
4223id 


7-71 


» 


• 58 
.58 


436073 
436570 


8-28 
8.28 


563927 
563430 


44 
43 


18 

19 


26387 
26415 


96456 
96448 


984328 
984294 
984269 


.58 
.58 


437067 
43756i 


8*22 


562933 
562437 


42 
41 


20 
21 


26443 


96440 


7-67 


.58 


438o59 


8.25 


561941 


40 


26471 


96433 


9.422778 


l.U 


9.984224 


.58 


9-438554 


8-24 


10.561446 


89 


22 


26500 


96425 


423238 


984190 
984155 


.58 


439048 


8.23 


560952 


88 


28 


26528 


96417 


a 


7-65 


.58 


439543 


8.23 


660457 


87 


24 


26556 


96410 


7-64 


984120 


.58 


440036 


8.22 


559964 


86 


25 


26584 


96402 


424615 


7-63 


984085 


.58 


440529 


8.21 


559471 


85 


26 


26612 


963^ 


425073 

425530 


7 -62 


984050 


.58 


441022 


8-20 


558978 
558486 


84 


27 


26640 


7-6i 


984015 


.58 


44i5i4 


8.19 


88 


28 


26668 


96379 


426443 


7.60 


983981 


.58 


442006 


l\t 


W 


82 


29 


26696 


96371 


7-6o 


983946 


.58 


442986 


31 


80 


26724 


96363 


426899 


7-59 


9839 II 


.58 


8.17 


557012 


80 


81 


26752 


96355 


9-427354 


7-58 


9.983875 


.58 


9.443479 


8.16 


10-556521 


29 


82 


26780 
26808 


96347 


42^26? 


'rU 


983840 


.59 


443968 


8.16 


556o32 


28 


88 


96340 


9838o5 


.59 


444458 


8.i5 


555542 


27 


84 


26336 


96332 


428717 


7-55 


$l]n 


.59 


444947 
445435 


8.14 


555o53 


26 


85 


26864 


96324 


429170 


7-54 


.59 


8.i3 


554565 


25 


86 


26892 


96316 


429623 


7.53 


983700 


.59 


445923 


8.12 


554077 
553589 


24 


87 


26920 


96308 


430075 


7.52 


983664 


.59 


44641 1 


8.12 


23 


88 


26948 


96301 


43o52T 
430978 


7-52 


983629 


.59 


446898 
447384 


8. II 


553102 


22 


89 


26976 


tt 


7-51 


& 


.59 


8.10 


552616 


21 


40 


27004 


431429 


7-5o 


.59 


447870 


8.09 


552i3o 


20 


41 


27032 


96269 


9.431879 


7-49 


9.983523 


.59 


'9.448356 


8.09 
8.08 


10- 551644 


19 


42 


27060 


432329 

432778 


]:ti 


983487 


.59 


448841 


55ii59 


18 


48 


27088 


96261 


983452 


.59 


449326 


8-07 
8.06 


550674 


17 


44 


27116 


96253 


433226 


HI 


983416 


.59 


449810 


550190 


16 


45 


27144 


96246 


433675 


983381 


.59 


450294 


8.06 


549706 


15 


46 


27172 


96238 


434122 


7-45 


983345 


.59 


450777 


8.o5 


549223 
548740 


14 


47 


27200 


96230 


434560 
435016 


7-44 


983238 


.5q 


451260 


8-04 


18 


48 


27228 


96222 


7-44 


.60 


451743 


8.o3 


548257 
547775 


12 


49 


27256 


96214 


435462 


7-43 


.60 


452225 


8-02 


11 


60 
51 


27284 


96206 


435908 


7-42 


983202 


.60 


452706 


8-02 


547294 


10 


27312 


96198 


9-436353 


7-41 


9.983166 


.60 


•9.453187 

453668 


8.01 


10-546813 


9 


52 


27340 


I61&2 


436798 


7-40 


983i3o 


.60 


8.00 


546332 


8 


58 


27368 


437242 


7-40 


$1% 


.60 


454148 


7.99 


545852 


7 


54 


27396 


96174 
96166 


437686 
438129 


lU 


.60 


454628 


?:^ 


545372 


6 


55 


27424 


983022 


.60 


455107 
455586 


544893 


6 


56 


27452 


96158 


438572 


7.37 


982986 


.60 


U 


544414 


4 


57 


27480 


96150 


439014 


7.36 


982950 


.60 


456064 


543936 


8 


58 


27508 


96142 


439456 


7-36 


982878 


.60 


456542 


7.96. 


543458 


2 


59 


27536 


96134 


a 


7.35 


.60 


» 


7.95 


542981 
542504 


1 


60 


27564 


96126 


7-34 


982842 


.60 


7-94 





N. COS. N. sine. 


L.00S. 


D.l" 


L.8ine. 




L.eot 


D.l" 


L. tang. 


~ 


74° 1 
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TBIGONOMETBICAL FUNCTIONS.— 16*. 



Nat. Functioks. 








+ 10. 


1 





N.sine.| N. cos. 


L.siiie. 


D.l" 


L.C08. ] 


DA" 


L.tftDg. 


D.l" 


L.cot 




27664 96126 


^44o338 


7-34 


9.982842 


.60 


9-457496 


7-94 


10.542604 


60 


1 


27592 96118 


440773 


7-33 


982806 


.60 


467973 


7-93 


542027 


59 


2 


27620 ; 961 10 


441218 


7-32 


982760 
982733 
982696 
982660 


.61 


458^? 


7.93 


541661 


58 


8 


27648 ; 96102 


441668 


7-3i 


.61 


7-92 


541075 


67 


4 


27676 96004 
J7704 1 96086 


a 


7-3i 


.61 


469400 


7.91 


540600 


56 


6 


7.30 


.61 


469875 


7.90 


540126 


65 


6 


27731 96078 


442973 


III 

7.27 


982624 


.61 


460349 
460823 
461297 




539661 


64 


7 
8 


27759196070 
27787,96062 


443410 

443847 


982687 
982551 


.61 
.61 


nt^ol 


53 
52 


9 


278151 96054 


444284 


r^i 


982614 


.61 


461770 


7^88 


538230 


51 


10 
11 


27843 
27871 


96046 


444720 


982477 


.61 


462242 


7-87 


537758 


60 


96037 


9.446165 


7.25 


9.982441 


.61 


9-462714 


7.86 


10.537286 


49 


12 


27899 1 96029 


446690 


7-24 


982404 


.61 


463i86 


7.86 


536814 


48 


18 


27927 96021 


446025 


7.23 


982367 


.61 


463658 


7-85 


536342 


47 


14 


27955 1 96013 


446460 
446893 


7.23 


982331 


.61 


464129 


7-84 


535871 


46 


15 


27983 


96005 


7.22 


982294 


.61 


464699 


7-83 


535401 


45 


16 


28611 


96997 


447326 


7.21 


982267 


.61 


466069 


7-83 


534931 


44 


17 


28039 


96980 


447769 
448191 


7.20 


082220 


.62 


465630 
466008 


7.82 


534461 


43 


18 


28067 95981 


7.20 


982183 


.62 


7.81 


533092 
533524 


42 


19 


28095 1 95972 


448623 


?:I2 


982146 


.62 


466476 


7.80 


41 


20 
21 


28123 

28i5i 


95964 


449064 


982109 


.62 


466945 


7.80 


533o55 


40 
89 


96966 


9.449485 


]'M 


''iZll 


.62 


9.467413 


7-79 
7.76 


10.532687 


22 


28178 1 96948 


4499,5 


.62 


467880 
468347 


5321 20 


88 


28 


28206 96940 


460345 


7.16 


981908 
981961 


.62 


7.78 


53i653 


87 


24 


28234 96931 


460776 


7.15 


.62 


468814 


r^ 


531186 


86 


25 


28262 96923 


461204 


7-14 


981024 
981886 


.62 


469280 


530720 


35 


26 


28290 96916 
283 18 96907 
28346 96898 


46i632 


7-i3 


.62 


469746 


7.75 


530264 


84 


27 

28 


462060 
462488 


7-13 
7.12 


981849 
981812 


.02 
• 62 


470211 
470676 


7-75 

7-74 


529789 
529324 


88 
82 


29 


28374 95890 


462915 
453342 


7.11 


t'^'^ 


.62 


471 141 


7.73 


528859 
528395 


81 


80 
81 


28402 1 96882 


7.10 


.62 


471605 


7.73 


80 


28429 , 96874 


9.453768 


7.10 


9.981699 


•63 


9.472068 


7-72 


10.627932 


29 


82 


28467 96866 
28486 ! 96867 


454194 


7.09 


981662 


.63 


472532 


7.71 


527468 


28 


88 


454619 


7.08 


981626 


.63 


472996 


7.71 


527005 


27 


84 


28613 196849 


466044 


7.07 


981687 


.63 


473437 


^? 


626643 


26 


85 


28641 '96841 


466460 
466893 


rd 


981649 


.63 


» 


526081 


25 


86 


28669196832 


981612 


.63 


?:^ 


526619 


24 


87 


28697 96824 
28625 96816 


4663i6 


7.06 


981474 


.63 


474842 


526168 


28 


88 


466739 


7-04 


981436 


.63 


475303 


T67 


524237 
523777 


22 


89 
40 


28662 96807 
28680 96799 


457162 
457684 


7-04 
7.03 


», 


.63 
.63 


475763 

476223 

9.476683 


rd 


21 

20 


41 


28708 


tv,ti 


9.468006 


7.02 


9.981323 


.63 


7-65 


10-523317 

522858 


19 


42 


28736 


468427 
468848 


7-01 


981286 


.63 


477142 


7.65 


18 


48 


28764 


95774 


7.01 


981247 


.63 


478069 


7-64 


622399 


17 


44 


& 


96766 


469268 


7.00 
tit 


981209 


.63 


7-63 


521941 


16 


45 


96767 


459688 


981171 
981133 


.63 


479432 


7-63 


521483 


15 


46 


28847 
28875 


96749 


460108 


.64 


7.62 


621026 


14 


47 


95740 


460627 
460946 
46i364 


6.98 


981096 
981067 
081010 


.64 


7.61 


520568 


18 


48 
49 


28903 
28931 


96732 
95724 


t:V> 


.64 
.64 


a 


7.61 
7.60 


5201 1 1 

619665 


12 
11 


50 


28969 


95715 


461782 


6.96 


98098, 


.64 


480801 


7.59 


519199 


10 


61 


28987 
29016 


mil 


9.462199 


6.96 


9-98094a 


.64 


9.481267 


ni 


10.518743 


9 


62 


462616 


6.94 


» 


.64 


481712 


518288 


8 


58 


29042 


& 


463o32 


6.93 


.64 


482167 


7.57 


517833 


7 


64 


29070 


463448 


6.93 


980827 


•64 


482621 


]:U 


i;$§ 


6 


55 


29098 


96673 


463864 


6.92 


980789 


.64 


483076 


6 


56 


29126 


96664 


464279 


6.91 


980760 


.64 


483629 


7-55 


51647 I 


4 


57 


29164 


96666 


464694 


6.90 


980712 


.64 


483982 


7.55 


616018 


8 


58 


29182 


95647 


466108 


6*00 


'^ll 


.64 


484435 


7-54 


5i5566 


2 


59 


29209 


96639 


466629 


6*"9 


.64 


484887 


7.53 


5i5ii3 


1 


60 


29237 


96630 


466935 


6.88 


980696 


.64 


485339 


7.53 


5i466i 







N. co8.'N. sine. 


L. 00s. 


D.l" 


Lsine. 




L.eot 


D.l" 


L.tang. 


f 


73° 1 









rElGONOMETRICAL rUNCTIONS.— 


17^ 




4:7 


Nat. Functions. 


LoGABiTHxio Functions + 10. 


' 


N.sine. N.cos. 


Lslne. 


D.l" 


L.COA. 


m-' 


L.taiig. 


D. 1' 


L.cot. 




? 

2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


29237 
29260 
29293 
29321 
29348 
29376 
29404 
29432 
29460 
29487 
29515 


95630 
95622 
9561 3 
956o5 
95596 
95588 

95579 
90571 
95562 
95554 
95545 


9.465935 
466343 
466761 

Zil 

467996 
468407 
468817 
469227 

469631 
470040 


6.88 
6«83 
6.87 
6.86 
6.85 
6.85 
6.84 
6.83 
6-83 
6.82 
6.81 


980519 

980480 
980442 
980403 
980364 
980325 
980286 
980247 
980208 


.64 
.64 
•60 1 
• 65 
•65 
•65 
.65 
.65 
.65 
•65 
•65 


9.485339 
485791 
486242 
486693 
487143 
487593 
488043 
488492 

489390 
. 489838 




.55 

.5a 
51 

.51 
50 

•49 

■it 

•47 


io.5i466i 
5 I 4200 
513768 
5 13307 
512867 
612407 

5iio59 
5io6io 
610162 


60 
59 
53 
57 
56 
55 
54 
53 
52 
51 
50 


29543 
29571 
29599 
29626 
29654 
29682 
29710 
29737 
29760 
29793 


95536 
95528 

955 1 1 
q55o2 

95459 


9.470455 
470863 
471271 

472086 
472492 
472898 
473304 
473710 
4741 i5 


6-80 
6.80 

'6.79 
6.78 
6.78 

6.74 


9.980169 
980 J 3o 

^l 

980012 

9799^4 
979895 
979805 
979816 


•65 
.65 
.65 
.65 
.65 
.65 
.66 
.66 
.66 
.66 


9.490286 
490733 
491 180 
491627 
492073 
492519 
492965 
493410 
493854 
.494299 




46 
45 
44 
44 
43 
43 
42 
41 
40 
40 


10.509714 
609267 
308820 
608373 
607927 
507481 
607035 
606690 
606146 
506701 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


29821 

It^ 

29904 
29932 
29960 

I'&U 

30043 
30071 
30098 
30126 
3oi54 
30182 
30209 
30237 
30265 
30292 
3o32o 
3o348 


95450 
95441 

q5433 
95424 
95415 

Po 
95372 

95363 
95354 
95345 

95301 
952^4 


9*474519 
474923 
475327 
475730 
476133 
476536 
476938 
477340 
477741 
478142 

9.478542 
478942 
479342 
479741 
480140 
480539 
480937 
481 334 
481731 
482128 


6.74 
6.73 
6.72 
6.72 
6.71 
6.70 
6.69 
6.69 
6-68 
6.67 


9.979776 
979737 

979618 

979579 
979539 

979499 
979439 
979420 


.66 
.66 
•66 
•66 
.66 
.66 
•66 
.66 
.66 
.66 
.66 
.66 
•67 

•67 
•67 
.67 

•67 
.67 
•67 
.67 
•67 
•67 
•6-/ 
•67 
.68 
.68 
•68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 


9-494743 
495186 
495630 
496073 
49651 5 
496957 
497399 
497841 
498282 
498722 

9.499163 
499603 
500042 
500481 
500920 
5oi359 

mm 

502672 

5o3i09 




40 

1 

.36 
.35 
•34 
•34 


10- 605267 
604814 
604370 
603927 
603480 
5o3o43 
602601 
502169 
601718 
601278 


89 
83 
37 
86 
85 
84 
88 
82 
81 
80 
29 
28 
27 
26 
25 
24 
,23 
22 
21 
20 
19 

\'f 

16 
15 
14 
18 
12 
11 
10 

9 
8 
7 
6 
5 
4 
8 
2 
1 



6.67 
6-66 
6.65 
6.65 
6.64 
6.63 
6-63 
6.62 
6.61 
6.61 


9.979380 
979340 
979300 
979260 
979220 
979180 
979 » 40 
979100 
979059 
979019 

978808 
978817 

9^8696 
978655 
978615 




.33 
.33 
.32 
.31 
.31 
.30 
.30 

•^? 
.28 

.28 


10.500837 

49990? 
499319 

498203 

497765 
497328 
496891 

10.496454 

496018 
495582 
495146 
4947 n 
494276 
493841 
493407 
492973 
492640 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


30376 
3o4o3 
3043 1 
30459 
30486 
3o5i4 
3o542 
30570 
3o597 
30625 


95275 
95266 

9524^ 
95240 
95231 
95222 
95213 
95204 
95195 


9.482525 
482921 
4833i6 
483712 
484107 
484501 
484895 
485289 
485682 
486075 


6.60 
6.59 

6.'57 
6.57 
6.56 
6.55 
6.55 
6.54 


9.503546 
503982 
504418 
5o4854 
500289 
505724 
5o6i59 
506593 
507027 
607460 




•27 

-.11 

.25 
.25 

•24 

•24 
.23 
•22 
•22 


51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


3o653 
3o68o 
30708 
30736 
30763 

30819 
30846 
30874 
80902 


95186 

95142 
95i33 
95124 
95ii5 
95106 


9.486467 
486860 
487251 
487643 
488034 
488424 
488814 
489204 

48^?2 


6.53 
6.53 
6.52 
6.5i 
6.5i 
6.5o 
6.5o 

'a 

6.48 


9.978574 
978533 
978493 
978452 
97841 1 
97&370 

i& 

978247 
978206 


508759 
509191 
509622 

5ioo54 
610480 
610916 
5ii346 
511776 




21 
21 
.20 
.19 

■M 

.18 

\l 

.16 


10-492107 
491674 
491241 

49037? 
489946 
489016 
489084 
488654 
488824 


N.C08. 


N. sine. 


L.COS. 


D.I- 


L.sine. 




L.cot 


D. 1" 


L. tang. 




79^ 1 



48 






TRIGONOMETRICAL FUKCTIOIirS.— 


18-. 






Nat. Functions. 


LooABrraxic Functions + 10. 


/ 


N.fiine. 


N.008. 


L.Blne. 


D.l" 


L.00B. 


D.1- 


L. tang. 


D.l" 


L.cot 





1 
2 
S 

5 
6 

7 

8 

9 

10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


30902 
30929 

'^l 

3lOI2 

3 1040 
3io68 
31095 
3ii23 
3ii5i 
31178 


96106 

tlm 

95079 
95070 
96061 
96062 
96043 
95o33 
96024 
96016 


9-489082 
490321 
490759 
491147 
491535 
491922 
492308 

493466 

493851 


6.48 
6.48 

6.47 
6.46 
6-46 
6-45 
6.44 
6-44 
6-43 
6-42 
6-42 


9.978206 
978165 
978124 
978083 
978042 
978001 
977950 
977018 

w 

977794 


.68^ 
.68 
.68 

.69 

.69 
.69 
.69 


9.511776 
612206 
612635 
6i3o64 
613493 
61 392 I 
614349 
514777 
616204 
61 5631 
616067 


7.16 

7.16 
7.16 
7-14 
7-14 
7-13 
7-i3 

7-12 

7-12 
7-11 
7-10 


10-488224 

485223 
484796 


60 
69 
58 
57 
56 
55 
54 
58 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


3i2o6 
31233 
31261 
31289 
3i3i6 
3i344 
3i372 
3i399 
31427 
31454 


96006 

94979 
94970 
94961 
94952 
94943 
94933 
94924 
94915 

s 

94860 
94861 
94842 

94832 


9-494236 
494621 
496006 
495388 

496537 
496919 
497301 
497682 


6-41 
6.41 
6.40 
6.39 
6.39 
6.38 
6.37 
6.37 
6.36 
6-36 


9.977752 

977669 
977628 

977586 
977544 
977603 
977461 
977419 
977377 


.69 

•69 

.70 
.70 
.70 
-70 

:11 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 


9-616484 
616910 
617335 
617761 
618186 
618610 
619034 
619458 
619882 
52o3o5 


7.10 
7-09 

'1 

7.08 

7.06 
7.06 
7.06 


io-4835i6 
483090 
482666 
482230 
481816 
481390 
480966 
480642 
480118 
479695 

478427 
478005 
477583 
477162 
476741 
476320 
475900 
475480 


21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


31482 
3i5io 
3i537 
3i565 
31693 
31620 
31648 
31675 
31703 
ai73o 


9.498064 
498444 
498826 

499204 
499684 

& 

600721 
601476 


6.35 
6.34 
6.34 
6.33 
6.32 
6-32 
6.3i 
6-31 
6-3o 
6-29 


9.977335 

977203 
977261 
977209 
977167 
977125 
977083 
977041 

976999 
976937 


9-620728 
621161 
621673 
621996 
62241-7 
522838 
623269 
623680 
624100 
624620 


7-04 
7.03 
7.03 
7.03 
7.02 
7.02 
7.01 
7.01 
7.00 
6.99 


81 
82 
83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 


31758 
31786 
3i8i3 
31841 
31868 
31896 
31923 
31951 

32034 
32061 
32089 
32116 
32144 
32171 
32199 
32227 
32254 
32282 


94823 
94814 
94805 

947^6 

94768 
94758 
94749 
94740 


9.601864 

50223l 

602607 
602984 

.6o336o 
603735 
5o4iio 
604486 
604860 
606234 


6-29 
6-28 
6-28 

6^26 
6-26 
6-25 
6-25 
6-24 
6-23 


976830 
976787 
976745 
976702 
976660 
976617 

& 


.70 

•71 
.71 
.71 
.71 
.71 
.71 
•71 
•71 
.71 


626778 

627033 
627451 

527868 
628286 
628702 


6.98 
6-97 

tu 

6.96 
6.96 
6.96 
6.94 


10.475061 
474641 
474222 
4738o3 
473386 
472067 
472649 
472182 
47i7»5 
471298 


29 
28 
27 
26 
25 
24 
23 
£2 
21 
20 


94730 
94721 
94712 
94702 

1% 

94656 
94646 


9.606608 
606081 
606354 
, 606727 
607099 
607471 
607843 
608214 
608686 
608966 


6-23 

6-22 

6-22 

6-21 
6-20 
6-20 

6-19 

6.18 
6-18 


9-976480 
976446 
976404 
976361 
?763i8 
976276 
976232 
976180 
976146 
976103 


.71 

•7» 
•7> 
•71 
•71 
•71 
•72 
•72 
.72 
•72 


530781 
531196 

63i6ii 
632025 
532439 
532853 


6.93 
6.93 
6.93 

6.92 

6.91 

6.91 
6.90 
6.90 

6-89 
6.89 


10.470881 
470465 
470060 
469634 

468380 

a 

467147 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


51 
52 
68 
64 
55 
66 
67 
68 
69 
60 


32309 
32337 
32364 
32892 
32419 
32447 
32474 

32502 

32529 
32557 


94637 
94627 
94618 
94609 
94599 

94552 


9-609326 

610066 
610434 
5io8o3 
611172 
611640 
611907 
612276 
612642 


6.17 

6-16 
6-16 
6.i5 
6.i5 
6-14 
6-13 
6-13 

6-12 
6-12 


9.976060 
976017 

M 

976844 

975800 
975757 

976670 


•72 
.72 
•72 
•72 
.72 
•72 
.72 
.72 
.72 
.72 


9.533266 

533679 
534092 
534504 
534916 
536328 
535739 
5361 5o 
536561 
636972 


6.88 
6.88 
5.87 

^6.86 
6.84 
6.84 


10.466734 

466321 
466908 

464672 
464201 

463860 
463439 
463028 


9 
8 
7 
6 
5 
4 
8 
2 
1 



N.OOB. 


N.sine. 


L. COS. 


D.l" 1 Kdne. 




L. cot. 


D. 1" L. tang. 


t 


Tl*> 1 



TBIOOKOUETTBICAL rtJNCTIONS. — lO'. 



49 



Nat. Punctionb. 


LOGAUTHMIC FUMCTION8 -1- 10. 


/ 


N.sine. 


N.cos. 


L.fiine. 


D.l" 


L.CO8. 


D.l" 


iLtang. 


DL" 


L.cot 





1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

£1 
23 
23 
24 
25 
26 
27 
28 
29 
80 
81 
82 
8d 
84 
35 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 


32557 
32584 
32612 
33639 
32667 
32694 
32722 
32749 

IIW, 

32832 
32859~ 
32887 
32914 
32942 
32969 
32997 
33024 
33o5i 

33079 
33io6 


94552 
94542 
94533 
94523 
94514 
94504 
94495 
94485 
94476 
94466 
94457 


9-512642 
5 I 3009 
5i337D 
5i374i 
614107 
514472 
514837 

5l5202 

5i5566 
516930 
616294 


6-12 
6-11 
611 
6-10 
6-09 
6-09 
6-08 
6-08 
6-07 
6-07 
6-06 


9-976670 

& 

975539 
975496 
973402 
976408 
975365 
975321 

& 


•73 
.73 

i 


638611 
539020 
639429 

640245 
640653 
641061 


6.84 
6-83 
683 
6.82 
6-82 
6-81 
6.81 
6.80 
6-80 

6-79 
6-79 


10-463028 
462618 
462208 
461798 
461389 
460980 
460371 
460163 
459755 
459347 
468939 

10 -458532 
458125 

457719 
457312 
456006 
456301 
466096 
455690 
455285 
454881 


60 
69 
68 
67 
56 
65 
64 
58 
52 
61 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


94447 
94438 
94428 
94418 
94409 
94399 
94390 
94380 


9'5i6657 
617020 
617382 
517745 
618107 
618468 
618829 
619100 
619551 
619911 


6-o5 
6-05 
6-04 
6-04 
6-o3 
6-02 
6-02 
6-01 
6-01 
6-00 
6-00 

5.99 

5.98 

5-58 

5.96 

5-95 
5.95 


976101 

& 

974960 
974925 
974880 
974836 
974792 
9-974748 
974703 
974659 
974614 
974570 
974525 
974481 
974436 
974391 
974347 


1 

•74 
•74 
•74 
•74 
•74 


9-541468 
641875 
642281 
642688 
643094 

644715 
646119 


6.78 
6-78 
6-77 

t]l 
6-76 
6-75 
6-75 
6-74 
6-74 


33i34 
33i6i 
83189 
33216 
33244 
33271 
33298 
33326 
33353 
33381 

33408 
33436 
33463 
33490 
335i8 
33545 
33573 
33600 
33627 
33655 


94351 
94342 
94332 
94322 
943i3 
943o3 
94293 
94284 
94274 
94264 


0.620271 
620631 

621349 

622066 
622424 
622781 
623i38 
623495 


•74 
•74 
•74 
•74 
•74 
•74 
•74 
•74 

I 

1 


9.545524 
646028 
646331 
646735 
647138 
647540 

642^45 
548747 
549149 


6-73 
6.73 
6-72 
6.72 
6-71 
6-71 
6-70 

6-70 

6.69 
6.69 


10.454476 
454072 
453660 
453265 
462862 
452460 
462067 
45i655 
451253 
45o85i 


39 
88 
87 
86 
86 
34 
83 
82 
31 
80 


94254 
94245 
94235 
94225 
94215 
94206 

94!^ 
94176 
94167 


9-523852 
624208 
624564 
624920 
626276 
62563o 
626984 
626339 
626693 
627046 


5.94 
5-94 
5.93 
5.93 
5.91 
5.91 
5.91 

5-90 


9.974302 
974267 
974212 
974167 
974122 

974077 
974032 
973987 
973942 
973897 

9-973852 
973807 
973761 
973716 
973671 
973626 
973580 
973535 
973489 
973444 


9.549550 

55^52 
660762 
65ii52 
55i552 
661962 
552351 
662760 
553149 


6.68 
6-68 
6-67 
6-67 
6-66 
6-66 
6-65 
6-65 
6-65 
6-64 


10 -450460 
460049 
449648 
449248 
448848 
448448 
448048 
447649 
447250 
446851 

10-446452 
446054 
445656 
445269 
444861 
444464 
444067 
443671 
443275 
442879 


29 
28 
27 
26 
25 
24 
?3 
22 
21 
20 
19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


33682 
33710 
33737 
33764 

33l% 
33846 
33874 
33901 
33929 


94157 
94147 
94137 

94127 

94118 
94108 

ml 


9-627400 
627753 
628106 
628468 
628810 
629161 
629613 
529864 
530216 
53o565 


»6.88 
6-87 

It 

5-86 
5-85 
6-85 
5-84 


9.553548 
553946 
554344 
664741 
555i39 
555536 
555933 
656329 
656725 
667121 


6-64 
6-63 
6-63 
6-62 
6-62 
6-61 
6-61 
6-60 
6-60 
6.59 


51 
62 
58 
64 
65 
56 
67 
63 
69 
60 


339D6 
33983 
3401 1 
34038 
34065 
34093 
34120 
34147 
34175 
34202 


94o5b 
94049 
94039 
94029 
94019 
94009 


9.530916 
531265 
63i6i4 
631963 
632312 
532661 
633ooo 
633357 
533704 
534062 


5-84 
5-83 
6.82 
5.82 
6-81 
5.81 
6-80 
6-80 


9.973398 
973332 
973307 
973261 
973216 
973169 
973124 
973078 
973o32 
972986 


-76 
.76 
•76 

•77 
•77 


9.557617 
5570I3 
5583o8 
668702 
559097 

669885 
660279 
660673 
661066 


6.69 

tu 

6-58 
6-57 
6-67 
6-66 
6-56 
6-55 
6-65 


10-442483 
442087 
441692 
441298 

44o5oo 
4401 1 5 
439721 
439327 
438934 

Ltang. 


9 
8 
7 
6 
6 
4 
3 
2 
1 





N. COS. 


N.dne. 


L. COS. 


D.l" 


L.8lne. 




L. cot 


D.l" 


TOO 



50 



TBIGONOMETBICAL FUNCTIONS. — 90». 



Nat. Functions. 


LooABiTuxio Functions + 10. 


/ 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


N.slne. 


N.cos. 


L.Biiie. 


D.l" 


L.COS. 


D.1" 


Ifctang; 


D.l" 


L.oot 




34202 

34229 
34257 
34284 
34311 
34339 
34366 
34393 
34421 
34448 
34475 


93969 
93959 
93949 
93939 
93929 
93919 
93909 
93899 
93889 


9.534052 
534390 
534745 
535092 
535433 
535783 
536129 
536474 
5368i8 
537163 
537507 


5.78 

5-74 
5-74 
5.73 
5.73 


9.972986 
972940 
972894 
972848 
972802 
972755 

972617 
972570 
972524 


•77 
•77 
•77 
•77 
•77 
•77 
•77 
•77 
•77 
•77 
•77 


9-56io66 
561459 
66i85i 
562244 
562636 
563028 
563419 
5638II 
564202 

564^3 


6.55 
6.54 
6.54 
6.53 
6.53 
6*53 
6.52 
6.52 
6.5i 
6.5i 
6.5o 


10.438934 
438541 
438149 
437756 
437364 

436d5! 
436189 
435798 
435408 
435017 


60 
59 
58 
57 
56 
65 
64 
53 
52 
61 
50 


11 
12 
13 
U 
15 
16 
17 
18 
19 
20 


345o3 
34530 
34557 
34584 
34612 
34639 
34666 
34694 
34721 
34748 


93859 
93349 
93839 
93829 

93779 
93769 


9.537851 
538104 
538538 
538880 

• 539223 
539565 
539907 
540249 
54o5oo 
540931 


5-7, 

5'72 

5.68 


9.972478 
972431 

972385 
972338 
972291 
972245 
972108 
972i5i 
972105 
972o58 


.78 
.78 


566i53 
566542 
566932 
567320 

568486 
568873 


6.5o 
6.49 
6.49 
6.49 
6.4b 
6.48 
6.47 
6-47 
6.46 
6.46 


10.434627 
434237 
433847 
433458 
433068 
432680 
432291 
431992 
431D14 
431127 


49 
4S 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


34803 
34830 
34857 
34884 
3491 i 


93750 
93748 

93738 

111 
1? 


9.541272 
54i6i3 
541953 
542293 
542632 
542071 
5433io 
543649 
543987 
544325 


5.67 

Itl 

5.66 
5-65 
5.65 
5.64 
5.64 
5.63 
5.63 


9.972011 
971964 
9719*7 
971870 
971823 
971776 
971729 
971682 
971635 
971588 


•7? 

.78 
•79 
•79 
•79 
•79 


9.569261 
569648 
570035 
570422 
570800 
571195 
571581 

572J52 
572738 


6.45 
6.45 
6.45 
6.44 
6.44 
6.43 
6.43 
6.42 
6.42 
6.42 


10-430739 
43o352 
429965 
429578 

428419 
428033 
427648 
427262 


89 
88 
87 
86 
85 
84 
83 
82 
81 

do 

29 
28 
27 
26 
25 
24 
28 
23 
21 
20 


81 

32 

83 

34. 

85 

86 

87 

38 

39 

40 


35048 
35075 

35io2 
35i3o 
35i57 
35i84 
352II 
35239 
35266 
35293 


93657 
93647 

93616 
93606 


545338 
545674 
5460 I I 
546347 
546683 
547019 
547354 
547689 


5.62 
5.62 
5.61 
5.61 
5.60 
5.60 

B 

5-58 


9.971540 
971493 
971446 
971398 
97I3DI 
97i3o3 
971256 
971208 
971161 
971113 


•79 
•79 
•79 
•79 
•79 
•79 
•79 
•79 
•79 
•79 


9.573123 
573507 
573892 

575044 

575427 
575810 
576193 
576576 


6.41 
6.41 
6.40 
6.40 
6.39 
6.39 
6.39 
6.3d 
6-38 
6.37 


10-426877 
426493 
426108 
425724 
425340 
424956 
424573 
424190 
423807 
423424 


41 
42 
43 
44 
45 
46 
47 
43 
49 
50 


35320 
35347 
35375 
35402 

35484 
355II 
35538 
35565 


93555 
93544 
93534 
93524 
93514 

935o3 

93472 
93462 


9*548024 
548350 
548693 
549027 
549360 
549693 
550026 
55o359 
550692 
55io24 


5.57 

Vd 

5.56 
5.55 
5.55 
5.54 
5.54 
5.53 
5.53 


9-971066 
971018 

_ 970970 
970022 
970874 
970827 
970779 

970635 


.80 
.80 
-80 
.80 
-80 
.80 
.80 
-80 
.80 
.80 


1HI 

578104 
578486 
578867 
579248 

58o389 


6.37 
6-36 
6.36 
6.36 
6.35 
6.35 
6.34 
6.34 
6.34 
6.33 


10.423041 
422659 

'■42 1896 
42i5i4 
421133 
420752 
420371 
419991 
419611 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


51 
52 
53 
54 
55 
56 
57 
68 
59 
60 


35592 
35619 
35647 
35674 
35701 
35728 
35755 
35782 
35810 
35837 


93452 
93441 
93431 
93420 
93410 
93400 

93389 

93858 


9.55i356 
551687 
552018 

552349 
552680 
553010 
553341 
553670 
554000 
554329 


5.52 
5.52 
5.52 
5.5i 
5.5i 
5.50 
5.50 
5.49 


9.970586 

970538 
970490 
970442 
970394 
970345 
970297 

970249 
970200 
970152 


.80 
.80 
.80 
.80 
.80 
.81 
.81 
-81 
.81 
.81 


9.580769 
581149 
58i528 
581907 
582286 
582665 
583043 
583422 
583800 
584177 


6.33 
6-32 
6.32 
6.32 
6.3i 
6.3i 
6-30 
6.3o 
6-29 
6.29 


10.419231 
4i885i 
418472 
418093 
417714 
417335 

f6t^ 

416200 

^ 415823 


9 
8 
7 
6 
5 
4 
8 
2 
1 



N.C08. 


N.«i]M. 


L. COS. 


D.l" 


L.slne. 




L.cot 


D.l" 


L-tang. 


/ 


69- 1 



\;v 



TRIGOKOMETEICAL FUNCTIOKS. — ai% 



61 



Nat. Functions. 


LOOABITHMIO FUNCTldNB + 10. 


/ 


N.dne. 


N.cos. 


L.8l]ie. 


D.l" 


L. COS. 


D.!'' 


L.tang. 


D.l" 


L.cot 






1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


35837 
35864 
35891 
35918 
35945 
35973 
36ooo 
36027 
36o54 
36odi 
36io8 


93858 
93348 
93337 

93316 
93306 

93253 


9*554329 
554658 

555643 
555971 
556299 
556626 
556953 
557280 
557606 


5.48 
6.48 
5.47 

ttl 
6.46 
6.45 
6.45 
5.44 
6. 44 
5.43 


9.970162 
970103 
970055 

969909 
969860 
969811 
969762 
969714 
969666 


.81 
.81 
.81 
.81 
•81 
.81 
.81 
.81 
.81 
.81 
•81 


684932 

585io9 
685686 
686062 
686439 
68681 D 
681190 
687666 
687941 


6.29 
6-29 
6.28 
6.28 
6-27 
6.27 
6.27 
6.26 
6.26 
6.25 
6.25 


10.416823 
416446 
416068 
414691 
414314 

4i3i85 
412810 
412434 
412069 


60 
69 
68 
57 
56 
55 
54 
53 
52 
51 
50 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


36i35 
36162 
36190 
36217 
36244 
36271 
36298 
36325 
36352 
36379 


93243 
93232 
93222 
93211 
93201 

931^0 
93.69 
93l5q 
93148 


9.557932 
"^ 558258 
558583 
558909 
559234 
559558 
559883 
660207 
56o53i 
56o855 


6.43 
6.43 
6.42 
5.42 
5.41 
6.41 
5.40 
6 '40 
6.39 

'5.38 
5.38 
5.37 
5.37 
5.36 
5-36 
5.36 
6.35 
5.35 
6.84 


9.969616 

969469 
969420 
969370 
969321 
969272 
969223 
969173 


.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 


9. 5883 16 
688691 
689066 
689440 
689814 
690188 
690562 

» 

691681 


6-25 
6.24 
6.24 
6.23 
6.23 
6.23 

6*22 
6.22- 
6.22 
6.21 
6.21 
6*20 
6.20 

6.19 

6.19 
6.18 
6.18 
6.18 

6.17 
6.17 


10.41 j684 
4ii3o9 
410934 
4io56o 
410186 
409812 
409438 
409066 
408692 
408319 


4y 
48 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


36406 
36434 
36461 
36488 
365i5 
36542 
36569 
36596 
36623 
36650 


93137 

93127 

93116 
93106 
93095 
93084 
93074 
93o63 
93o52 
93042 


9.561178 
56i5oi- 
561824 
562146 
562468 
562790 
563ii2 
563433 
563755 
664075 


9.969124 
969075 

968^^6 

« 

968827 
968777 
968728 
968678 


.82 
.82 
.82 
.82 
.83 
.83 
.83 
.83 
'83 
.83 


9.692064 
692426 
592798 
693171 
693542 
693914 
694285 
694666 
696027 
695398 


10.407946 
407074 
407202 
406829 
406468 
406086 
406716 
406344 
404973 
404602 


8y 
88 
87 
86 
35 
84 
88 
82 
81 
30 
2y 
28 
27 
26 
25 
24 
23 
22 
21 
20 

ly 

18 
IT 
16 
15 
14 
13 
12 
11 
10 


81 
82 
83 
84 
85 
86 
87 
88 
89 
40 


36677 
36704 
36731 
36758 
36785 
36812 
36839 
36867 
36894 
36921 


93o3i 
93020 
93010 

t^ 

92978 
92967 
92956 
92945 
92935 


9.564396 

^ 664716 

565o36 

565356 

565676 

566632 
566961 
667269 


5.34 
6.33 
5.33 
5.32 
6.32 
6.31 
5.31 
6.3i 
5.30 
5.30 


9.968628 
968678 
968628 

968479 
968429 

968379 
968320 
968278 
968228 
968178 
9.968128 
968078 
968027 
967977 > 
967927 
967876 
967826 
967775 

967674 


•83 
•83 
'83 
•83 
-83 
.83 
•83 
•83 
.84 
.84 

.84 
.84 
.84 
.84 
.84 
.84 
.84 
.84 
■84 
.84 


9.595768 
696138 
696608 
6^6878 

?97247 
697616 

698722 
699091 


6.17 

6.16 
6.16 
6.16 

6.i5 
6.i5 
6.i5 
6.14 
6'i4 
6.i3 


10-404232 
403862 
• 403492 
4o3i22 
402753 
402384 
40201 5 
401646 
401278 
400909 

10.400641 
400173 
399806 
399438 
399071 
398704 
398338 

ll]tll 

397239 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


36948 
36975 
37002 
37029 
37056 
37083 
37110 
37137 
137164 
1 37191 


92924 
92913 

92892 
92881 

92849 

92838 
92827 


9.567687 
667904 

568222 

. 668539 
668856 

669488 
669804 
670120 
670435 


5.29 

5.28 
6.28 

iv 

5*2? 
5.26 
5.26 


9.699469 
699827 
600194 
600662 
600929 
601296 
601662 
602029 
602395 
602761 


6-13 
6-13 
612 

6-12 

6'ii 
6-11 
6'ii 
6-10 
6-10 
6-10 


51 
52 
58 
54 
55 
56 
57 
58 
69 
60 


137218 
37245 
37272 

37353 
37380 
37407 
37434 
37461 


92816 
92805 

IV^ 

92773 
92762 
92751 
92740 
92720 
92718 


9.570751 
571066 
571380 
571695 
672009 
672323 
672636 
672960 
573263 
573576 


5.25 
5.24 
5.24 
5.23 
5.23 
5-23 
5.22 

5-22 
6.21 
5.21 


9.967624 
967573 
967622 

967471 
967421 
967370 


.84 
.84 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 


9.60312,7 
603493 
6o38d8 
604223 
604688 
604953 
6o53i7 
606682 
606046 
606410 


6.09 
6-09 
6-09 
6.08 
6.08 
6.07 
6.07 
6-07 
6'o6 
6.06 


10.396873 
396007 
396142 
395777 
395412 
395047 
394683 
•394318 


7 
9 
8 
6 
5 
4 
3 
2 
1 



N. COS. N. Sine. 


L. COS. 


D.l" 


L.8lne. 




L.cot 


D.l" 


L. tang. 


' 


68° 1 



52 ^ 



TBIOOKOUETBIOAL FUNCTIOITS. — 02". 



Nat. Functions. 


L06ARITHM10 Functions + 10. 1 



1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


N.sine.' N^coa. 


L.sine. 


D.l" 


L.CO6. 


D.1" 


L.tang. 


D. 1" 


L.oot 




37461 
37488 
375i5 
37542 

37622 
37649 
37676 
37703 
37730 


92718 
92707 
92697 
92686 

92653 
92642 
9263 1 
92620 
92609 


9.573575 
673888 
574200 
574512 
574824 
575i36 

575768 
576069 
576379 
576689 


5.21 

5-20 

5.20 

5.19 

5.19 

5-19 

5.18 
5.18 

5.16 


9.967166 
967116 
967064 

966910 
966869 
966808 
966766 
966706 
966653 


.85 
.85 
• 85 
.85 
.85 
.85 
.85 
.85 
.86 
.86 
.86 


9.606410 

607137 
607600 
607863 
608226 
6o8588 
6o8o5o 
609J12 

6ioo36 


6.06 
6-06 
6.o5 
6-o5 
6-04 
6-04 
6-04 
6-03 
6-03 
6-03 

6-02 


10.393590 

392863 
392600 

Z^l 

39141a 
391060 
390688 
390326 
389964 


60 
69 
68 
57 
66 
65 
64 
58 
62 
61 
60 


37757 
?77B4 
3781 1 
37838 
37865 
37892 

3791? 
37946 

37973 
37999 


92598 

92376 
92365 
92554 
92543 
92532 
92521 
92310 
92499 


677618 

578545 
578853 
579162 
579470 
579777 


5.16 

5-i6 
5.i5 
5-15 
5.14 
5.14 
5.13 
5-13 
5.i3 
5.12 


9-966602 
966660 
966499 
966447 
966395 
966344 
966292 
966240 
966188 
966136 


.86 
.86 
.86 
.86 
.86 
.86 
.86 
.86 
.86 
.86 


9.610307 
610739 
611120 
61 1480 
611841 
612201 
612661 
612921 
613281 
61 3641 


6-02 
6-02 

6.01 
6.01 
6-01 
6-00 
6.00 
6-00 

5-99 
5.99 


10.389603 
389241 
388880 
388520 
388169 

386359 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 
88 
87 
86 
35 
84 
83 
82 
81 
30 


21 
22 
28 
24 
25 
26 
27 
28 
29 
30 


38026 
i 38o53 
' 38o8o 
38107 
38i34 
38i6i 
38i88 

38213 

38241 

38268 


92488 

92466 
92455 
92444 
92432 
92421 
92410 


9.580085 
680392 

58i3i2 
581618 
581924 
582229 
582533 
582840 


5.12 
5ii 
5ii 
5.11 

5.10 
5-10 
5.09 
5.09 
5.09 
5.08 


9-966085 
966033 
966981 
966928 
966876 
966824 
963772 
966720 
965668 
9656i5 


.87 

.87 
17 
-87 

17 
.87 
-87 


9*614000 
614359 
614718 
616077 
616435 
616793 
6i6i5i 
616609 
616867 
617224 


5-98 
5.98 
5-98 
5.97 
5.97 

m 
5.96 
5.96 
5-95 


10.386000 
385641 
385282 
384923 
384365 
384207 
383849 
383491 
383 i33 
382776 


81 
82 
83 
84 
85 
86 
37 
38 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
62 
63 
64 
65 
56 
67 
68 
59 
60 


38295 
38322 
38349 
38376 
38403 
38430 
38456 
38483 
38510 
; 38537 


92355 
92343 
92332 
92321 
92310 
92299 

92287 
92276 


9.583145 
583449 
583754 
684068 
584361 
584665 
684968 
686272 
585574 
585877 


5.08 
5.07 

til 
5-o6 
5.06 
5.06 
5o5 
5.04 
5o4 


9-965563 
96551 1 
963468 
966406 
965353 
965301 
966248 
965195 
966143 
966090 


•?7 

:U 

-88 
.88 
.88 
.88 
.88 


9.617682 

618632 
619008 
619364 
619721 
620076 
6204^2 
620787 


5.95 
5.95 
5.94 
5-94 
5-94 

5.?3 
5.^ 
5-^3 
5.92 
6-92 


10.382418 
382061 
381705 
38i348 

38^6 
380279 

379213 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


38564 
38591 
38617 
38644 
1 38671 
138698 
38725 
38752 
38778 
388o5 


92265 
92254 
92243 
9223l 

92220 

92209 

92198 

92186 
92175 
92164 


586783 
687086 
687386 
687688 

688390 
688890 


5.o3 
5.o3 
5.o3 
5.02 

5.02 

5.01 
5.01 
5.01 

5.00 

5.00 


9.966037 
964984 

964826 
964773 

964613 
964660 


.88 
.88 
.88 
.88 
.88 
.88 
.88 
.89 
.89 
-89 


9.621142 

622207 
622661 
622916 
623269 

623623 
653976 
624330 


5.92 
5-91 
5-91 
5.90 
5-90 

t^ 
6.89 

5*8? 


10.378868 
378603 
378148 

M 
376731 
376J77 
376024 
375670 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


38832 
38859 
38886 
38912 

f4l 
38993 
[ 39020 
1 39046 
39073 


92162 
92141 
92i3o 
92119 
92107 
92096 
92085 
92073 
92062 
92060 


690387 
690686 
590984 
' 691282 
691680 
591878 


4.99 
4.99 

4.98 

4-97 
4-97 

4.96 


9-964607 
964454 
964400 
964347 
964294 
964240 
964187 
964133 
964080 
964026 


.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 


9-624683 
625o36 
625388 
625741 
626093 
626445 
626797 
627149 
627601 
627862 


5-88 
5.88 

tu 

5-86 
5.86 
5.85 

5.85 


10.375317 

374269 

373203 
372861 

372148 


9 
8 
7 
6 
5 
4 
8 
2 
1 



iN.coi 


N.sine. 


L.COS. 


D.l'' 


.L.sine. 




L.cot 


D. 1" 


L.taDg. 


/ 
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TRIGONOMETRICAL FUNCTIONS.— M'. 




53 


Nat. Functions. 


LouABiTHHio Functions + 10. 1 


/ 


N.BiBd. 


N. COS. 


L.8inA. 


D.1" 


L.006. 


D.V 


L. tang. 


IXl" 


L.cot 







39073 


92o5o 


9-591878 




96 


9.964026 


.89 


9.627862 


5.85 


10-372148 


60 


1 


39100 


92039 


592176 




95 


963972 


.89 


628203 


5.86 


371797 


59 


fi 


PI 


92028 


592473 




95 


963919 


.89 


628664 


5.85 


371446 


58 


8 


92016 


59336] 




95 


963863 


•90 


628906 


5.84 


371096 


57 


4 


39180 


92005 




94 


9638,1 


•90 


629266 


5.84 


370745 
370394 


56 


5 


39207 


91982 
91971 




94 


963767 


.90 


629606 


5.83 


55 


6 
T 


39234 
39260 


^n 




93 
93 


963704 
963650 


.90 
.90 


ffi 


5.83 
6.83 


370044 
369694 


54 
58 


8 


?9287 


91950 


594251 




93 


963596 


.90 


63o656 
63ioo5 


6.83 


369344 


52 


9 


39314 


91948 


594547 




92 


963542 


•90 


6.82 


368996 


51 


10 


39341 


91936 


594842 




92 


963488 


.90 


63i365 


6.82 


368646 


50 


11 


39367 


91925 


9.595137 




.91 


9.963434 


•90 j 


9.631704 


5.82 


10.368296 


49 


12 


39394 


9»9»4 


595432 




9' 


& 


•90 


632063 


5.81 


367947 


48 


13 


39421 


91002 
91891 


595727 




9' 


•90 


632401 


6.81 


367509 
367256 


47 


14 


39448 


596021 




90 


963271 


.90 


632760 


6.81 


46 


15 


39474 


91879 


596315 




^ 


963i63 


.90 


633098 


6.80 


366902 
366553 


45 


16 


39501 


91868 


» 




.90 


633447 
63379$ 


5.80 


44 


17 


^??? 


91856 




89 


963108 


.91 


5.80 


366205 


48 


18 


39555 


91845 


597196 




^ 


963o54 


.91 


634143 


6.79 


366867 


42 


19 


39d8i 


91833 


597490 




962990 
962945 


•91 


634490 


6.79 


365510 


41 


20 


39608 


91822 


597783 




88 


.91 


634838 


6.79 


365,62 


40 


21 


39635 


91810 


9.598075 




87 


9.962890 


.91 


9.635186 


5.78 


10.364816 


89 


22 


?9^i 


91709 
91787 
91775 
91704 


598368 




87 


962836 


.91 


635632 


6.78 


364468 


88 


23 


39688 


598660 




u 


962781 


.91 


635879 


6.78 


364121 


37 


24 


39715 


598952 




962727 


.91 


636226 


5-77 


363774 


86 


25 


o97fi 


699244 




.86 


962672 


.91 


636572 


5-77 


363428 


85 


26 


39768 


91751 


699536 




.85 


962617 


.91 


636919 
637265 


5-77 


363o8i 


34 


27 


P^ll 


91741 


699821 
600118 




.85 


962662 


.91 


m 


362735 
362389 


83 


28 


91720 
91718 




.85 


962608 


•91 


637611 


82 


29 


39848 


600409 




.84 


962453 


.91 


637056 
6383o2- 


5.76 


362044 


81 


80 


39875 


91706 


600700 




.84 


962398 


.92 


5.76 


361698 


80 


81 


?9902 


91694 


9.600900 




.84 


9.962343 


.92 


9-638647 


5.75 


10-361353 


29 


83 


39928 


91683 


601280 




.83 


962288 


.92 


a 


5.75 


361008 


28 


88 


39955 


& 


601670 
601860 




.83 


962233 


.92 


5.75 


36o663 


27 


84 


39982 




82 


962178 


.92 


639682 


5-74 


36o3i8 


26 


85 


40008 


91648 


602160 




.82 


962123 


•92 


640027 


5-74 


359973 


25 


86 


40035 


91636 


602430 
602728 




.82 


962067 


.92 


640371 


5-74 


3596^9 


24 


87 


40062 


91625 




81 


962012 


•92 


640716 


5.73 


359284 


23 


88 


40088 


91613 


6o3oi7 




.81 


961967 


.92 


641060 


5.73 


358940 


22 


89 


4011 5 


91601 


6o33o5 




81 


961002 
961846 


.92 


641404 


5.73 


368696 


21 


40 


40141 


91590 


603594 




.80 


.92 


641747 


5.7J 


358253 


20 


41 


40168 


91578 


9.6o3882 




.80 


9.961701 
961735 


.92 


9.642001 
6424J4 


5.7J 


'"■mu 


19 


42 


40195 


9i566 


604170 




•79 


.92 


5.7J 


18 


48 


40221 


91555 


604457 




•79 


561680 


.92 


642777 


5-72 


357223 

356880 


17 


44 


40248 


91543 


604745 




■.]t 


961624 


•93 


643120 


5.71 


16 


45 


40275 


9i53i 


606032 




& 


.93 


643463 


S.71 


356537 


16 


46 


4o3oi 


& 


6o63i9 
606606 




.78 


•93 


643806 


5.71 


356194 
355852 


14 


47 


40328 




.78 


961469- 


.93 


644148 


5.70 


13 


48 


4o355 


91406 
9U84 


606892 




•77 


961402 


.93 


644490 
644832 


5.70 


355610 


12 


49 


4o38i 


& 




:?2 


961346 


.93 


IX 


355i68 


11 


50 


40408 


91472 




961290 


•93 


645174 


354826 


10 


61 


40434 


91461 


9.606761 




.76 


9.01236 


•93 


9.645516 


6.69 


10.354484 


9 


52 


40461 


91449 


607036 




76 


961170 
961123 


•93 


645857 


5.6? 


354143 


8 


58 


40488 


91437 


607322 




75 


•93 


646199 


6.60 
6.68 


353801 


7 


54 


40514 


91425 


607607 




75 


961067 


.93 


646640 


353460 


6 


55 


40541 


9*414 


608177 




•74 


9610'! 


.93 


646881 


6-68 


353119 
352778 


5 


56 


40567 


91402 




•74 


960966 


.93 


647222 


5.68 


4 


57 


40594 


91390 


608461 




•74 


960890 


.93 


647662 


6.67 


352438 


8 


58 


4062I 


& 


608745 




73 


96084J 


.94 


647903 
648243 


5.67 


lliy, 


2 


59 


40647 


^^'.^ 




73 


960786 


•94 


l^d 


1 


60 


40674 


91355 


4.73 


960730 


.94 


648583 


351417 







N. oofl. 


N.aine. 


L.C08. 


D.l" 


L-sine. 




L.cot 


D.l" 


L.tang. 


f 
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1 



H 



TEIGONOMETBICAL FCNCTIONS. — M". 



Nat. Punctionb. 


liOOABITHiaO PuNonoNs + 10. 


/ 


N.sfne. 


N.COB. 


L-sine. 


D.l" 


L.C08. 


D.l" 


L.tMlg. 


Dl." 


L.eot 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


40674 
40700 

Zl 

40780 
40606 

40833 
40860 
40886 
40913 
40939 


0X355 
91343 
9L33I 
913^9 

91283 

91212 

91260 
91248 
91236 


9.609313 

610164 
610447 
610729 
611012 
61 1 294 
611576 
6ii858 
612140 


4-73 

4'72 
4-72 
4-72 
4-71 
4-71 
4-70 
4-70 
4-70 
4.69 
4.69 


9.960730 
960674 
960618 
960561 
96o5o5 
960448 

960279 
960222 
960165 


.94 
.94 
•94 
•94 
.94 
.94 
.94 
•94 
•94 
•94 
.94 


9.648583 
648923 
649263 
649602 
649942 
65o28i 
65o62o 
650959 
65 I 297 
65i636 
651974 


5.66 
5.66 
5-66 
5.66 
5.65 
5.65 
5.65 
5.64 
5.64 
5.64 
5.63 


10.351417 
351077 

349041 
348703 
348364 
348026 


60 
69 
58 
67 
66 
55 
64 
68 
62 
61 
60 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


40966 
40992 
41019 
4io4d 
41072 
41098 
4II25 
4ii5i 
41178 
41204 


91224 
91212 
91200 
91188 
91176 
91164 
9ii52 
91 140 
91128 
91116 


9.612421 
612702 
612983 
613264 
6i3545 
6i3825 
6i4io5 
614385 
614665 
614944 


4.69 
4-68 
4-68 
4.67 
4-67 
4-67 
4-66 
4-66 
4-66 
4-65 


9.960109 
960052 

959882 
959825 
959768 
9597 1 1 
959654 
959596 


.95 

.95 

.95 

'^\ 
.•9? 

.95 


9.6523i2 
652650 
652988 
653326 
653663 
654000 
654337 
654674 
6550II 
655348 


5.63 
5.63 
5-63 
5.62 
5.62 
5.62 
5.61 
5.6i 
5.61 
5-61 


10.347688 
347350 
347012 
346674 

346000 
345663 
345326 
344989 
344652 


49 
48 
47 
46 
46 
44 
48 
42 
41 
40 


141231 
41257 
41284 
4i3io 
41337 

;4i363 

'41390 
41416 
41443 

'41469 


91104 
91092 
91080 
91068 
9.056 
91044 
91032 
91020 
91008 
90996 


o.6i5223 
6i55o2 
615781 
616060 
6i6338 
^16616 
616894 

617727 


4-65 
4-65 
4.64 
4.64 
4-64 
4-63 
4-63 
4-62 
4-62 
4-62 


9.959539 
959482 
959425 
959368 
959310 
959253 
959105 
959i38 
959081 
959023 


.95 

.96 
.96 
.96 
.96 
.96 
.96 


9.655684 
656020 
656356 
656692 
657028 
657364 

tlU 

658369 
658704 


5.60 
5.60 
5.60 

5*58 
5-58 


io*3443i6 
343980 
343644 
343308 
342972 
342636 
3423oi 
341966 
34i63i 
341296 


89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


41496 

4l522 

4i54o 
4157S 
41602 
41628 
41655 
41681 
41707 
141734 


90984 
90972 
90960 
90948 
90936 
90924 

90899 


9 •61 8004 
618281 
6i8558 
618834 
619110 
619386 
619662 
619938 
620213 
620488 


4.61 
4-6i 
4-6i 
4.60 
4-6o 
4.60 
4-59 
4-59 


9.958965 

958561 
9585o3 
958445 


.96 
.96 

.96 
.96 
.96 
•97 
•97 


659708 
660042 
660376 
660710 
661043 
661377 
661710 
662043 


5.58 
5.57 

5.56 
5.56 
5.55 
5.55 


10-340961 
340627 
340292 
339958 
339624 
339290 
33ao57 
338§23 
338290 
337957 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


41760 
41787 
4i8i3 
41840 
41866 
41892 

41919 
41945 
41972 
41998 


90863 
9085 1 

9082? 
90814 
90802 
90790 

90753 


9.620763 
621038 
62i3i3 
621587 
621861 
622135 
622409 
622682 
622956 
623229 


4.58 

4-56 
4-56 
4.55 
4.55 
4.55 


9.958387 
558329 
958271 
958213 
958i54 

957979 
957921 
957b63 


•97 

•97 
.97 

•97 
.97 

•97 
•97 
.97 

•97 
•97 


9.662376 
662709 

663042 
663375 
663707 
664639 
664371 
664703 
665o35 
665366 


5.55 
5.54 
5.54 
5.54 
5.54 
5.53 
5.53 
5.53 
5.53 
5.52 


10.337624 
337201 

336293 
335961 
335629 
335297 
334965 
334634 


19 
18 
17 
16 
16 
14 
18 
12 
11 
10 


42024 
42o5i 
42077 
42104 
42i3o 
421 56 
42183 
42209 
4223d 
42262 


90741 
90729 
90717 
90704 
90692 
90680 
90668 
90655 
90643 
9063 1 


9*6235o2 
623774 
624047 
624319 
624591 
624863 
625i35 
625406 

625948 


4-54 
4.54 
4-54 
4-53 
4.53 
4.53 
4-52 
4.52 
4-52 
4-51 


9.957804 
957746 

957570 
957511 
957452 

957276 


.98 
.98 
.98 
.98 
.98 
.98 


9-665697 
666029 
666360 
666691 
667021 
667352 
667682 
668013 
668343 
668672 


5.52 
5.52 
5.51 
5.5i 
5.5i 
5.5i 
5.50 
5.50 
5.5o 
5.5o 


io-3343o3 

333^4^ 
333309 

332648 
3323i8 
331987 
33i657 
33i328 


9 
8 

7 
6 
5 

4 
8 
2 

1 





N. cos. N. sine. 


L. COS. ID. 1" 


L.sine. 




L.<jot. 


D.l" 


L. tang. 


' 


65«> 1 



TRIGONOMETRICAL JUNCTIONS. — OS*. 



65 



Nat. Fumctions. 


LoaABiTHiuc Functions + 10. 


/ 


N.aine. 


N.cos. 


Kfliiie. 


D 


.1" 


L.008. 


D.l" 


L-tang. 


D 1" 


L.cot. 






1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 


42262 
42288 
423i5 
42341 
42367 
42394 
42420 
42446 
42473 


90681 
90618 
90606 
90594 
90682 
90569 

& 

90532 
90620 
90607 


9*626948 
626219 
626490 
626760 
627030 
627300 
627570 
627840 
628109 
628378 
628647 




*5i 
51 
5i 

.60 
60 
5o 

.49 

49 

^2 
48 

48 


9*957276 
967217 
^67168 
967099 
967040 
966981 
966921 
966862 
966803 
956744 
956684 


.98 

'k 
*98 

*98 

*98 

.98 

•99 

•99 

•99 

•99 

_:99 
•99 
•99 
•99 
•99 
•99 
•99' 
•99; 

1*00 

1*00 
I'OO 


9*668673 

^l 

669661 

670320 
670649 

& 

671634 
671963 


6 
5 
5 
5 
6 
5 
5 
5 
5 
6 
6 


60 

49 

49 

49 

4? 
48 

48 

48 

47 

47 

47 


io»33i327 
330998 
330668 
33o339 
330009 
329680 
329351 
329023 
328694 
328366 
328037 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


42562 
42678 
42604 
42631 
42667 
42683 

m^ 

42762 
42788 


90495 
90483 
90470 
90458 
90446 
90433 
90421 
90408 


9.628916 
629186 
629453 
629721 
629989 
630237 
630324 

63?o3^ 
63 1 326 


4 


47 
47 

il 

46 
46 
46 
45 
45 
45 


9*966626 
966666 
966606 

956447 
956387 
$66327 
966268 
966208 
966148 
956089 


9.672291 
672619 
672947 
673274 
673602 
673929 
674237 
674584 
6749*0 
675237 


6 
5 
5 
5 
5 
6 
5 
6. 
6 
5 


ii 

46 
46 
46 
45 
45 
45 
44 
44 


10.327709 
327i8i 
327063 
326726 
326398 
326071 
326743 
326416 
326090 
324763 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


42816 
42841 
42867 
42894 
42920 
42946 
42972 

43o5i 


& 

90346 
90334 
90321 
90309 
90296 
90284 
90271 
90259 


9.63i5o3 
"^ 631830 

632123 

632392 
632658 
632923 
633189 
633454 
633719 
633984 




44 
44 
44 
43 
43 
43 
42 
42 
42 
41 


0*966029 

955909 

955849 
9557B9 

966609 
966648 
966488 


1*00 

1*00 

1*00 
1*00 
1*00 
1*00 
1*00 

1*00 

1*00 
1*00 


9.676664 
676890 
676216 
676643 
676869 
677194 
677620 
677846 
676171 
678496 


6 
6 
6 
6 
6 
6 
6 
6 
5 
5 


44 
44 
43 
43 
43 
43 
42 
42 
42 
42 


10*324436 
324110 
323784 
323457 
323i3i 
322806 
322480 
322154 
321829 
321604 


8^ 
88 
87 
86 
85 
84 
88 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
61 
62 
58 
64 
65 
66 
57 
68 
59 
60 


43077 
43 104 
43i3o 
43 1 56 
43182 

4320Q 

43233 
43261 
43287 
433i3 


90246 
90233 
90221 
90208 
90106 
90183 

^I?8 
90146 
90133 


9.634249 
"^ 634514 
634778 
636042 
6363o6 
635570 
635834 

636360 
636623 


.1 


41 
40 
40 
40 

1 

38 
38 


9*955428 

966368 
955307 
966247 
966186 
966126 
955066 
966006 
954944 
954883 


1*01 
101 
1*01 
1*01 
1*01 
1*01 
1*01 
1*01 
1*01 
1*01 


9.678821 
679146 
679471 
679795 
680120 
680444 
680768 
681092 
681416 
681740 


5 
5 
5 
6 
5 
5 
6 
5 
6 
6 


41 
41 
41 
41 
40 
40 
40 
40 


320620 
320206 
319880 
319666 
319232 
318008 
318384 
318260 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 
19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


43340 
43366 
43392 
43418 
43445 
43471 

IF 
4357? 


90120 
90108 
90095 
90082 
90070 
9005] 
90043 
90032 
90019 
90007 


9*636886 
637148 
637411 
637673 
637935 
638107 

• 638458 
638720 
638981 
639242 




1 

ll 

36 
86 
35 
35 
35 


9*964823 
964762 
964701 
954640 

954579 
964618 
964457 
964306 
964335 
954274 
9*964213 
964162 
954090 
964029 
953968 
953906 
953845 
963783 

95366^ 


1*01 
1*01 
1*D1 
1*01 
I-OI 
1*02 
1*02 
1*02 
1*02 
1-02 
1*02 
102 
1-02 
1*02 
1-02 
1*02 
1*02 
1*02 
1*03 
1*03 


9.682063 
682387 
682710 
683o33 
683366 
683679 
684001 
684324 
684646 
684968 


5 

I 

6 
6 
5 
6 
5 
6 
5 


39 
^? 

38 
38 
38 
37 

11 


10*317937 
317613 

3i632i 

3 1 667? 
3 15354 
3i5o32 


43602 
43628 
43654 
43680 
43706 
43733 
43750 
43785 
438 II 
43837 


89994 
89981 
89> 
8^^6 
8c;943 
89930 
89918 
89905 
89892 
89879 


9*639603 
639764 
640024 
640284 
640644 
640804 
641064 
641324 
641583 
641843 




34 
34 
34 
33 
33 
33 

32 
32 
32 

3i 


9*686290 
686612 
685934 
686266 

686898 
687219 
687640 
687861 
688182 


5 
5 
5 
5 
5. 
5 
5 
6 
6 
6. 


36 
36 
36 
36 
35 
36 
36 
36 
34 
34 


io-3i47io 
314388 
3 1 4066 
3i3745 
3 13423 
3i3io3 
312781 
312460 
3i2i39 
3ii8i8 


9 
8 
7 
6 
6 
4 
8 
2 
1 





N.coa.N.8lne. 


L.00S. 


D.l" 


L.8iiie. 




L.cot 


D.l" 


L.taiig. 


' 


640 1 



56 



TMGONOMBTBICAL FUKCTI0K8.— 96°. 



Nat. Functions. 






' |N.8lne. 


N.cos. 


L.8ine. 


D.l" 


L. COS. 


D.l" 


L.tanc. 


D.l" 


L.eot. 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
U 
15 
16 
17 
18 
19 
20 


! 43837 
43863 
43889 
43916 
43942 
43968 
43994 
44020 
44046 
44072 
44098 

44124 
44i5i 
44177 
4420J 
44229 
44255 
44281 
44307 
44333 
44359 


89879 
89867 
89854 
89841 
89828 
89816 
89803 
89790 

89777 
89764 
89752 


9.641842 
642101 
642360 
6426r8 
642877 
6431 35 
6433o3 
643650 
643908 
644 I 65 
644423 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


3i 

3i 

3i 

3o 

3o 

3o 

3o 

29 

29 

^2 
28 


9.953660 

^5^5^ 
953475 
953413 
953352 
953290 
953228 
953166 
953104 
953042 


i.o3 
i.o3 
i.o3 
1.03' 
1.03; 
1-03 
1-03 
i-o3 
i-o3 
1-03 
1-03 


9.688182 
688502 
688823 
689143 
689463 
689783 
690103 
690423 
690742 
691062 
691381 


5-34 
5-34 
5.34 
5.33 
5.33 
5.33 
5.33 
5.33 
5.32 
5-32 
5-32 


io-3ii8i8 

3;;498 

3li8?7 
3io537 
310217 
309897 

308938 
308619 


60 
59 
58 
57 
56 
55 
54 
58 
52 
&l 
50 


89739 
§9726 
89713 
89700 
89687 
89674 
89662 

89649 
89636 
89623 


9.644680 
644936 
645io3 
645430 
645706 
645962 
646218 
646474 
646729 
646984 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


28 
28 
27 
27 

11 

26 
26 

25 
25 
25 

24 
24 
24 
24 

23 
23 
23 
22 
22 


9.952980 
952918 
952855 

952544 
952481 
952419 
9-952356 
952294 
952231 
952168 
952106 
952043 
951980 
951917 
551854 
951791 


1.04! 

1-04 
1.04' 
I -041 
1-04 
1.04! 
1-04' 
1-04 


9.691700 
692019 
692338 
692656 
692975 
693293 
693612 
693930 
694248 
694366 


5-3i 
5-3i 
5-31 
5-31 
5-31 
5-30 
5.30 
5.30 
5.30 
5-29 


io.3o83oo 
307981 
307662 
307344 
307025 

306070 
305732 
3o5434 


4» 
4S 
47 
46 
45 
44 
48 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


44385 
4441 1 
44437 
44464 
44490 
44516 
44542 
44568 
44594 
44620 


89610 
89597 
89584 
89571 
89538 
89545 
89532 

%^ 

89493 


9.647240 
647494 
647749 
648004 
648258 
648512 
648766 
649020 
649274 
649527 


'4 

1-04 
i.o5, 
i.o5 

i.o5 
i-o5 
1.05! 
1-05, 
i-o5 


9.694883 
695201 
695518 
695836 
696153 
696470 
696787 
697103 
697420 
697736 


5-29 
5.29 
5.29 
5.29 
5.28 
5.28 
5.28 
5-28 
5.27 
5.27 


io-3o5ii7 

304799 
304482 
304164 
303847 
3o353o 
3o32i3 
302897 
302580 
302264 


89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


44646 
44672 
44698 
44724 
44750 
44776 
44802 
44828 
44854 
44880 


89480 
89467 
89434 
89441 
89428 
89415 
89402 
89389 
89376 
89363 
89350 
89337 
89324 
893 1 1 
89298 
89285 
89272 
892*0 
89243 
89232 


9.649781 
65oo34 
650287 
65o539 
650792 
651044 
65i297 
66 1 549 
65i8oo 
652052 

9-652304 
651.555 
652806 
653o57 
6533o8 
653558 
6538o8 
654059 
654300 
654558 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4' 
4 
4 
4 
4 
4 
4 
4 
4 
4 


22 
22 
21 
21 
21 
20 
20 
20 
19 
19 

\t 

18 

18 
18 

»7 
17 

n 
16 
16 


9.951728 
^ 95i665 
951602 
951539 
951476 
951412 

951349 
951286 
951222 
951159 
9-951096 
95io32 
. 950968 
95ooo5 
950841 
950778 

95^50 

. 95o586 

95o522 


i-o5 
I -05 
1-05 
1-05 
i.o5 
i.o5 
1-06 

IS 

1-06 

1.07 


9.698053 

» 

699001 
699316 
699632 
699947 
700263 
700578 
700893 


5.27 
5-27 
5.26 
5.26 
5.26 
5-26 
5.26 
5-25 
5-25 
5-25 


10-301947 
3oi63i 
3oi3i5 

300684 
3oo368 
3ooo53 
299737 
299422 

299 lOT 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 


44906 
44932 
44958 
44984 
45oio 
45o36 
45062 
45o88 
45ii4 
4^140 


9.701208 
701 523 
701837 
702152 
702466 
702780 
703095 
703409 
703723 
704036 


5-24 
5-24 
5.24 
5-24 
5.24 
5.23 
5.23 
5-23 
5-23 

5-22 


10-298792 

298163 
297848 
297534 
297220 

295964 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


51 
62 
58 
54 
55 
56 
57 
58 
59 
60 


45i66 
45192 
45218 
45243 
45269 
4529? 
45321 
45347 
45373 
45399 


89219 
89206 

89180 
89167 
89153 
89140 
89127 
89114 
89101 


9.654808 
655o58 
655307 
655556 
6558o5 
656o54 
656302 
656551 
656799 
657047 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


16 
16 

i5 

i5 
i5 
14 
14 
14 
i3 
i3 


9-950458 
95o3o4 
95o33a 
950266 
950202 
95oi38 
950074 
950010 


1.07 
1.07 
1-07 
1.07 
1.07 
1.07 

1-07 
1-07 
1-07 
1.07 


9.704350 
704663 

704977 
705290 
7o56o3 
705916 
706228 
706541 
706854 
707166 


5-22 
5-22 
5-22 

5.22 
5.21 
5.21 
5.21 

5-2! 
5-21 
5-20 


10.295650 
295337 
295023 
294710 
294307 

293439 
293146 
292834 


9 
8 
7 
6 
5 
4 
8 
2 
1 





N. 009. N. sine. 


L. COS. 


D.I" 


Jj.tAne, 




L.cot 


D.l" 


L.tang. 


, 


. 63° 1 
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57 



Nat. Functions. 


LOOABITHXIO FUNOTIONB + 10. 


' 


N.8lne.|N.co8. 


L.BilUI. 


D.l" 


L.008. 


D.l" 


JLtang; 


D.l" 


L.oot 






1 


45399! 891 01 

45425 189087 


't]%l 


4 
4 


i3 
i3 


9.949881 
949816 


1.07 
1.07 


9. 707 166 
707478 


6.20 
6. 20 


10.292834 
292622 


60 
59 


2 


4345i B9074 


65754a 


4 


12 


949752 


lU 


707790 


6.20 


292210 


68 


8 


45477! 89061 
455oi; 89048 


657790 


4 


12 


949688 


708102 


5.20 


291898 


67 


4 


658037 


4 


12 


949623 


1.08 


708414 


5.19 


291686 


56 


5 


45529 1 89035 
45554189021 


658284 
658531 


4 
4 


12 
II 


949558 
949494 


1.08 
1.08 


708726 
709037 


5.1? 

6.19 


290963 


55 
54 


7 


45580 1 89008 


658778 


4 


II 


949429 


1.08 


709349 


6.19 


390661 


58 


8 


456o6 88995 


669025 


4 


'II 


949364 


1.08 


709660 


5.19 


S90340 


52 


9 


45632 88981 


669271 


4 


•10 


949300 


1.08 


709971 


6.i3 


290029 


51 


10 
11 


45658 
45684 


88968 


669517 


4 


•10 


949235 


1. 08 


710282 


5.18 


289718 


50 


88955 


9.669763 


4 


•10 


9-9^9170 


1.08 


9.710393 


6.18 


288785 


49 


12 


45710 88942 


666009 


4 


.09 


949106 


1.08 


710904 


5.18 


48 


Id 


45736 88928 


660263 


4 


.09 


949040 


1-08 


711216 


6.18 


47 


U 


4576a! 88915 


660601 


4 


09 


948976 


1.08 


711626 


6.17 


288475 
288164 


46 


15 


iU% 


88902 


660746 


4 


09 


948910 


1.08 


711836 


5.17 


45 


Id 


88888 


& 


4 


•08 


948845 


1.08 


712146 


6.17 


287864 


44 


17 


40839 


88875 


4 


08 


948780 


109 


712456 


6.17 
6.16 


287644 


48 


18 


45863 


88862 


661481 


4 


.08 


948716 


1.09 


712766 


287234 
286924 


42 


lU 


45891 


88848 


661726 


4 


.07 


948660 


1.09 


713076 


6.16 


41 


20 
21 


45917 
' 45942 


88835 


661970 


4 


.07 


948584 


1-09 


713386 


6.16 


286614 


40 


88822 


9-662214 


4 


.07 


9.948619 


1.09 


9.713696 


5.16 


10.286304 


8^ 


22 


45968 


88808 


662469 


4 


•07 


948454 


1.09 


714006 


6. 16 


285626 


88 


28 


45994 


88795 


66270J 


4 


.06 


948388 


1.09 


714314 


615 


87 


24 


46020 


88782 


662946 


4 


06 


948323 


1-09 


7U624 


6.16 


285376 
286067 
284754 


86 


25 


46046 


88768 


663190 
663433 


4 


.06 


948257 


1.09 


714933 


6.16 


85 


26 


46072 


88755 


4 


o5 


948192 


1.09 


716242 


6.i5 


84 


27 


t^l 


88741 


663677 


4 


06 


948126 


1.09 


7i566| 


6. 14 


284449 


88 


28 


88728 


663920 


4 


06 


^948060 


1-09 


716860 


6.14 


284140 


82 


29 


46149 


88715 


664163 


4 


o5 


947993 


1.10 


716168 


5.14 


283832 


81 


80 


46175 


88701 


664406 


4 


04 


947929 


I'lO 


716477 


6.14 


283623 


80 


81 


46201 


88688 


9.664648 


4 


04 


9.947863 


1. 10 


9.716786 


5.14 


I0.28J2I6 


2^ 


82 


46226 


88674 


664891 


4 


04 


947797 


I'lO 


717093 


6-13 


a 


28 


&8 


46252 


88661 


665133 


4 


o3 


947731 


1*10 


717401 


613 


27 


84 


46278 


88647 


665375 


4 


o3 


947663 


l.IO 


717709 


613 


282291 


26 


85 


46304 


88634 


666617 


4 


.03 


947600 


I'lO 


718017 


6.i3 


281983 


25 


»6 


46330 


88620 


665859 


4 


02 


947533 


I'lO 


718323 


613 


281675 


24 


37 


46355 


88607 
88593 


666100 


4 


oa 


947467 


I'lO 


718633 


5.12 


281367 


28 


88 


46381 


666342 


4 


02 


947401 


I'lO 


718940 


5.12 


281060 


22 


89 


46407 
46433 


88580 


666583 


4 


02 


"• 947335 


I'lO 


719248 


6. 12 


280762 


21 


40 
41 


88566 


666824 


4 


01 


947269 


I'lO 


719555 


6.12 


280445 


20 


46458 


88553 


9.667066 


4 


'01 


9.947203 


I'lO 


9.719862 


6.12 


io.28oi38 


19 


42 


46484 


88539 
88526 


667303 


4 


•01 


947136 


l.Il 


720160 
720476 


6. II 


279831 


18 


48 


465 10 


667646 


4 


•01 


947070 


I'll 


5.11 


279524 


17 


44 


46536 


88512 


667786 
668027 


4 


•00 


947004 


I'll 


720783 


611 


270217 


16 


45 


46561 


88499 


4 


•00 


946937 


I'll 


]l'^ 


6. II 


15 


40 


46587 


88483 


668267 
668606 


4 


00 


946871 


I'll 


5.11 


14 


47 


466i3 


88472 


3 


.99 


946804 


I'll 


721702 


6.10 


278298 


18 


48 


46639 


88438 


668746 


3 


•99 


946738 


I'll 


]l^ 


6.10 


w 


12 


49 


46664 


88445 


668986 


3 


99 


946671 


I'll 


6.10 


11 


50 


46690 


88431 


669225 


3 
3 


99 
98 


946604 


I'll 


722621 


6.10 


277379 


10 
9 


61 


46716 


88417 


9.669464 


9.946538 


I'll 


9.722927 


6.10 


'"■lu^ 


52 


46742 


88404 


669703 


3 


98 


946471 


I'll 


723232 


6.09 


8 


58 


^'^ 


88390 


669942 


3 


98 


946404 


I'll 


723638 


6.09 


276462 


7 


54 


88377 
88363 


670181 


3 


97 


946337 


I'll 


723844 


6.09 


276166 


6 


66 


46819 


670419 


3 


97 


946270 


1.12 


724149 


5.09 


276861 


5 


66 


46844 


88349 


670668 


3 


97 


946203 


I '12 


724454 


6.o4 


276646 


4 


67 


46870 


88336 


a 


3 


v> 


9461 36 


1*12 


& 


5.08 


276241 


8 


58 


46896 


88322 


3 


946069 


I '12 


6.08 


274935 


2 


59 


46921 


883o8 


671372 


3 


96 


946002 


1*12 


725369 


5.08 


274631 


1 


60 


46947 


88295 


671609 


3 


96 


945g35 


1*12 


726674 


5.08 


274326 







N. 0(M.;N.8ine.| 


L.COS. |D. 


1" 


L.Bine. 




L.oot 


D.l" 


L.tan9. 


r 


62° 1 



58 



TRIGONOMETRICAL FUNCTIONS. — 88*. 



Nat. Functions. 1 LouAiUTHino Functions + 10. 1 




1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


N.8lne.lN.co8. 


L.Bine. 


D.l" 


L. COS. {l>.l"| ^' tang. 


D. 1" 


L.oot 


60 
59 
58 
57 
56 
55 
54 
58 
62 
51 
50 


46947188295 
46973 88281 
46999188267 
47024 1 88254 
47o5o 88240 
47076 88226 
47101 188213 
47127! 88199 
471W 88183 
47178 88172 
47204 881 58 


9.671609 
671847 
672084 
672321 
672558 

t]llt 

673268 
673505 
673741 
673977 


3.96 
3.95 
3.95 
3.95 
3.95 
3.94 
3.94 
3.94 
3.94 
3.93 
3.93 


9.945935 
945868 
945800 
945733 
945666 
945508 
945531 
945464 
945396 
945328 
945261 


1. 12 
1. 12 
1. 12' 
I.12I 
1*12 
1. 12 
I-I2 
1.13; 
I.l3 

I.i3j 
i.i3 


9-725674 

726284 
726588 
726892 

727197 
727501 

728412 
728716 


5.08 
5.08 
5.07 
5.07 
5-07 
5.07 

5.06 
5-06 
5.06 


10.274326 
274021 
273716 
273412 
273108 
272803 

272499 
272195 

271284 


47229 
4725D 
47281 
47306 
47332 
47358 
47383 
47409 
47434 
47460 


88144 
88i3o 
88117 
88io3 
88080 
88075 
88062 
88048 
88o34 
88020 


9.674213 
674448 
674684 

675390 
675624 
675359 
676094 
676328 


3.93 
3.92 
3.92 
3.92 
3.92 
3.91 
3.91 
3.91 
3.91 
3.90 


9.945193 
945 1 25 
945o58 
944990 
944922 
944854 
944786 
944718 
944650 
944582 


i.i3 
i.i3 
i.i3 
i.i3' 

i.i3 

i.i3 


9.729020 
729323 
729626 

730233 
73o535 
73o838 
731141 
731444 
731746 


5.06 
5.o5 
5.o5 
5.o5 
5.o5 
5.o5 
5.04 
5.04 
5-04 
5.04 


10.270080 

270677 
270374 

269767 
269465 
269162 

268859 

268556 
268254 


49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


47486 
1 47511 

47562 
47588 
47614 
47639 
47665 
47690 
47716 


88006 
87993 

87882 

87868 
87854 
87840 
87826 
87812 

87798 
87784 

87743 


9.676562 
676796 
677030 
677264 
677498 
677731 
677964 
678197 
678430 
678663 

9.678895 
679128 
679360 
679592 
679824 
68oo56 
680288 
68o5i9 
680750 
680982 


3.90 
3.90 

3.89 

3.8? 
3.88 
3.88 
3.88 


9.944514 
944446 
944377 
944309 
944241 
944172 
944104 
944o36 
943967 
943899 


1-14 
I -14; 
1.14' 

i.i4| 
1.14 

1. 14' 

1-141 
1-14 

i.i5 
i.i5 
i.i5i 
i.i5 
i.i5 
i.i5 
i.i5 
1-15 


9.732048 
732351 
732653 
732955 

733558 
733860 
734162 
734463 
734764 


5.04 
5.o3 
5.o3 
5-03 
5.03 
5.03 

5-02 

5.02 
5.02 
5.02 


10-267952 
267649 

267045 
266743 
266442 
266140 
265838 
265537 
265236 


89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


81 
82 
88 
84 
85 
&6 
87 
8S 
89 
40 


47741 
47767 

47818 
47844 

47920 
47946 
47971 


3.87 
3.87 
3.87 
3.87 
3.86 
3.86 
3.86 
3-85 
3.85 
3-85 


9.943830 
943761 
943693 
943624 
943555 
943486 
943417 
943348 
943279 
943210 


9.735066 

& 

736570 
736871 
737171 
737471 
737771 


5.02 
5.02 
5.01 
5.01 
5.01 

5.01 
5.01 

5-00 
5.00 
5.00 


10.264934 
264633 
264332 
264031 
263731 
263430 
263129 
262829 
262529 
262229 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 


47997 
48022 
48048 
48073 
48099 
48124 
481 5o 
48175 
48201 
48226 


p 

87701 

87669 
87645 
87631 

IS 


9*681213 
681443 
681674 
681905 
682135 
682365 
682595 
682825 
683o55 
683284 


3.85 
3.84 
3.84 
3.84 
3.84 
3-83 
3-83 
3.83 
3-83 
3.82 


9-943141 
943072 
943oo3 
942934 
942864 
942795 

942656 
942587 
942517 


i.i5 
115 
|.i5 
|.i5 
|.i5 
1.16 
1.16 
116 
1.16 
1.16 
|.i6 
1.16 
1. 16 
1.16 
1.16 
1.16 
1.16 
1.16 
1-17 
1.17 


9.738071 
738371 

738671 
738971 

739271 
739D70 
739870 
740169 
740468 
740767 
9.741066 
741365 
741664 
741962 
742261 
742559 
742838 
743156 
743454 
743752 


5.00 

5.00 

4-99 

4-99 
4.99 

4.99 
4.99 
4.99 
4.98 
4.98 


10.261929 
261629 
261329 
261029 
260729 
260430 
260 i3o 
259831 
259532 
259233 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


51 
52 
63 
54 
55 
56 
57 
58 
59 
60 


48252 

48328 
48354 

4840D 
48430 
48456 
48481 


B 

87546 
87532 
87518 
87504 
87490 
87476 
87462 


9-683514 
683743 
683972 
684201 
684430 
684658 
684887 
68511 5 
685343 
685571 


3.82 
3.82 
3.82 
3.81 
3.81 
3.81 
3.80 
3.80 
3.80 
3-80 


9.942448 
942378 
942308 
942239 
942169 
942099 
942029 
941959 
941889 
941819 


4.98 
4.98 
4.98 
4-97 
4-97 
4-97 
4-97 
4-97 
4-97 
4.96 


10.258934 
258635 
258336 
258o38 

257739 
257441 
257142 
256844 
256546 
256248 


9 
8 
7 
6 
6 
4 
8 
2 
1 



N. COS. 


N.alne. 


L.00S. 


D.l" 


L. stne. 




L.cot 


D.V 


L.tang. 


' 


61° 1 
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59 



Nat. Functions. 


LOQABITHMIC FUNCTIONS + 10. 1 


/ 


N.dne. 


N. COS. 


L.8ine. 


D.l" 


L. COS. D.l''| 


L. tang. 


D. 


V 


L.eot. 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


48481 
485o6 
48532 
48557 
48583 
48608 
48634 
48659 
48684 
48710 
48735 


87462 
87448 
87434 
87420 
87406 
87391 

87321 


9.685571 

685799 
686027 
686254 
J)86482 
686709 
686936 
687163 
687389 
687616 
687843 


3.80 

3.79 
3.79 
3.79 

t]l 
3.78 
3.78 
3.78 

3.77 
3.77 


9.941819 
941749 
941679 
941609 
941539 

941398 
941328 
941258 
941187 
941117 


1.17 
1.17 

1.17 

1*17 
1.17 
1.17 
1.17 
1. 17 
1.17 


9-743752 
744o5o 
744348 
744645 
744943 
745240 
745538 
745835 
746132 
746429 
746726 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4- 
4 


95 


10*256248 
255050 
255652 
255355 
255o57 
254760 
254462 
254165 
253868 
253571 
253274 


60 
59 
68 
67 
56 
55 
54 
63 
52 
51 
60 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


48761 
48786 
48S11 
48837 
48862 
48888 
48913 
48938 
48964 
48989 


87306 
87292 
87278 
87264 
87250 
87235 
87221 
87207 
87193 
87178 


9.688069 
688295 

. 688521 
688747 
688972 
689198 
689423 
689648 
689873 
690098 


3.77 

l]l 
3.76 
3.76 
3.76 
3.75 
3.75 
3.75 
3.75 


9.941046 
940975 
940903 
940834 
940763 
940693 
940622 
94o55i 
940480 
940409 


1.18 
1. 18 
1.18 
1..18 
1.18 
1.18 


9.747023 
747319 
747616 
7479»3 

]f^ 

748801 
749097 
749393 
749689 


4 
4 
4 
4 
4 
4 
4 
4 

i 


94 
94 
94 
94 
94 
93 
93 
93 
93 

93 


10.252977 
252681 
252384 
252087 
251791 
251495 
261199 
25ooo3 
250007 
25o3ii 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


49014 
49040 
49065 
49090 
49116 
49141 
49166 
49192 
49217 
49242 


87164 
87150 
87136 
87121 
87107 
87093 
87079 
87064 
87050 
87036 


9.690323 
690548 
690772 
690996 
691220 
691444 
691668 
691892 
692115 
692339 


3-74 
3.74 
3.74 
3.74 
3.73 
3.73 
3.73 
3.72 
3.72 
3.72 


9-940338 
94026] 
940196 
940125 
940054 
939982 
93991 I 
939840 


1.18 

1.18 
1.18 
1.19 

1.19 
1.19 


9-749985 
750281 
750576. 

?a 

751462 

7?*757 
752052 

752347 
752642 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


93 
92 
92 
92 
92 
92 
92 
9« 
91 
91 


io-25ooi5 

249719 
249424 
249128 
248833 
248538 
248243 
247948 
247653 
247358 


89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


n 

82 
88 
84 
85 
86 
87 
88 
89 
40 


49268 
49293 
49318 
49344 
49369 
49394 
49419 
49445 
49470 
49493 


87021 

86921 
86906 
86892 


9.692562 
692785 
693008 
693231 
693453 
693676 
693898 
694120 
694342 

. 694364 


3.72 
3.71 

pi 

3.70 
3.70 
3-70 
3.70 
3.69 


9.939625 
93^54 
939482 
939410 
939339 
939267 
939195 
939123 
939052 
938980 


1.19 
1.19 

1.20 
1.20 
1-20 
1-20 
1-20 


9.752937 
753231 
753526 
753820 
754115 
754409 
754703 
754997 


4 
4 
4 
4 
4 

4 
4 
4 
4 
4 


9< 
91 
91 
90 
90 
90 
90 
90 


10.247063 
246769 
246474 
246180 
245885 
245591 

& 

244709 
244413 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


49521 
49546 
49571 
49596 
49622 
49647 
49672 
49697 
49723 
49748 


86878 

86863 
86849 
86834 
86820 
868o5 
86791 
86777 
86762 
86748 


9.694786 
695007 
695220 
695450 
695671 
695892 
6^n3 
696334 
696554 
696775 


3.69 
3.69 
3.69 
3.68 
3.68 
3.68 
3.68 
3.67 
3.67 
3.67 


938763 
938691 
938619 
938547 
938475 
938402 
938330 
938258 


1.20 
1-20 
1.20| 
1-20 
1.20{ 
1.20J 
1.20 
121 
1-21 
1.21 
1-21 
1.21 

iiii; 

1.21' 
121 

1*21 
1-21 
1. 21 


9.755878 

?56465 
756759 
757052 
757345 
757638 

758?24 
758517 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


1 

88 
88 
88 
88 


10*244122 

243828 
243535 

243241 
242948 

242655 

242362 

242069 

241776 

241483 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


51 
62 
53 
54 
55 
56 
57 
58 
59 
60 


49773 
49798 
49824 
49849 
49874 
49899 
49924 
49950 

49975 
5oooo 


86733 
86719 
86704 
86690 
86675 
86661 
86646 
86632 
86617 
866o3 


9.696995 
697215 
697435 
697654 
697874 
698094 
M3T3 
698532 
698751 
698970 


3-66 • 

3.66 

3-66 

3-66 

3-65 

3. 65 

3.65 

3-65 

3-64 


9.938185 
9381 i3 
938040 

937822 

937676 
937604 
937531 


9.758810 
759102 
759395 
759687 

759979 
760272 
76o564 
760856 
761148 
761439 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


88 
87 
?7 

86 
86 


10*241190 
240898 
240605 

24o3i3 
240021 
239728 
239436 
23oi44 
238852 
238561 


9 
8 
7 
6 
5 
4 
8 
2 
1 



N.OOB. 


N.fiine. 


L. COS. 


D.l" 


L.sine. 




Loot 


D.l" 


L.taiig. 


1 


60° 1 



60 



TBIGONOUETBICAL FUNCTIOIfS. — 30°. 



Nat. Fukctions. 


LoGABiTHXic Functions + 10. 1 


/ 


N.slne. 


^.coe. 


L-Bine. 


D.l" 


L.008. ] 


XV 


L. taag. 


Dl." 


L.cot 





1 
2 
8 

4 
5 
6 
7 
8 
9 
10 


5oooo 
5oo25 
5oo5o 
50076 
5oioi 
5oi26 
5oi5i 
50176 

5020I 

50227 

50202 


866o3 
8658» 
86573 
86559 
86544 
86530 
865,5 
865o, 
86486 
86471 
86457 


9-698970 
699169 
699407 
699626 
699844 
700062 
700280 
700498 
7007,6 
700933 
70,, 5, 


3.64 
3. 64 
3.64 
3.64 
3. 63 
3.63 
3-63 
3-63 
3-63 
3.62 
3.62 


9.93753, 1 
937458 1 
937385 I 
9373,2 1 
937238 I 
937165 1 
937092 1 

$n : 

936872 I 
936799 » 


.2, 

•22 
.22 
.22 
.22 
.22 
.22 
.22 
•22 
.22 
.22 


9-761439 
76,73, 
762023 
7623,4 
762606 

763479 
764352 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


.86 
.86 
• 86 
.86 
85 
85 
85 
.85 
.85 
85 
84 


10. 23856, 
238269 

2368,2 
23652, 
236230 

235?4? 


60 
59 
58 
57 
56 
55 
54 
53 
62 
51 
50 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


50277 

5o3o2 
50327 
5o352 

^!^ 

50428 
5o453 
50478 
5o5o3 


86442 
86427 
864,3 

863?4 
86369 
86354 
86340 
86325 
863, 


9.70,368 
70,585 
70,802 
7020,9 
702236 
702452 
702669 
702885 
703, 0, 
7033,7 


3.62 
3.62 
3.6, 
3.6, 
3.6, 
3.6, 
3.60 
3.60 
3-60 
3.60 


936578 1 

9365o5 , 
93643, , 
936357 1 
936284 1 
9362,0 I 
936,36 , 
936062 1 


.22 
.23 
.23 
.23 
.23 
.23 
•23 
.23 
.23 
•23 


9.764643 
764933 
765224 
7655,4 
7658o5 

7663?5 
766675 
766965 
767255 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


84 
84 
84 
84 
.84 
84 
.83 
.83 
83 
83 


,0.235357 
235067 

234,95 
233905 
2336,5 
233325 
233o35 
232745 


49 
48 
47 
46 
45 
44 
'43 
42 
41 
40 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


5o528 
5o553 
50578 
5o6o3 
50628 
5o654 
50679 
50704 


86295 
8628, 
86266 
8625, 
86237 
86222 
86207 
86,92 
86,78 
86,63 


9.703533 
703749 
703964 
704179 
704395 
7046,0 
704825 
7o5o4o 
705254 
705469 


3.59 
3.59 

tn 
It 

3-58 
3-58 
3-58 
3.57 


9-935988 , 
935840 , 

a: 

9356,8 , 
935543 , 
935460 , 
933395 , 
935320 , 


•23 
.23 
•23 
•24 
•24 
•24 
•24 
•24 
•24 

•24 


9.767545 

7684,3 
768703 

76928, 

770148 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


83 
83 
82 
82 
82 
82 
82 
82 
8, 
8, 


,0.232455 
232,66 
23,876 
23,587 

^^;^ 

2307,9 

23o43o 
23o,4o 
229852 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


50829 
5o854 
50879 
50904 
50929 
50954 
50979 
5ioo4 


86,48 
86,33 
861,9 
86,04 
86089 
86074 
86059 
86045 
86o3o 
860,5 


9-705683 
705898 
706,, 2 
706326 

706967 
707,80 
707393 
707606 


tu 

3.56 
3.56 
3.56 
3.55 
3.55 
3.55 


9.935246 1 
^?35,7, I 
935097 I 
935022 , 
934048 , 
934873 , 
934798 1 
934723 , 
934649 I 
934574 1 


-24 

•24 

-24 
•24 
•24 
•24 

.25 
.25 
.25 
.25 


9.770437 
770726 
77,0,5 

77i3o3 
77,592 
77,8»o 
772,68 
772457 
772745 
773033 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


8, 
8, 
8, 
8, 
8, 
80 
80 
80 
80 
80 


,0-229563 
220274 

228697 
228408 
228,20 
227832 
227543 

227255 
226967 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
48 
44 
45 
46 
47 
48 
49 
50 


51029 
5io54 
51079 
5iio4 
51129 
5ii54 
51,79 
5i2o4 
51229 
51254 


86000 
85985 

8594, 
85926 

85866 


708245 
708458 
708670 
708882 
709094 
709306 

709730 


3.55 
3.54 
3.54 
3.54 
3.54 
3.53 
3.53 
3.53 
3.53 
3.53 


9.934499 ' 
934424 I 
934349 I 
934274 I 

f^^ ; 

934048 , 

«: 

933822 , 


.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.26 
.26 


9.773321 
773608 

774471 
774739 
775046 
775333 

77562, 
775908 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


80 
79 
79 
79 
79 
79 
79 

78 


,0.226679 

226392 

1J226104 

1^258,6 
225529 

22524, 
224954 
224667 
224379 
224092 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


5,279 
5,3o4 
5,329 
5,354 
5,379 
5,404 
5,429 
5,454 
5,479 
5,5o4 


8585, 
85836 
8582, 
858o6 
85792 
85777 
85762 
85747 
85732 
857,7 


9.709941 
7,0,53 
7,o364 
7,0575 
7,0786 
710997 
7,, 208 

711419 
7,, 629 
7,1839 


3.52 
3.52 
3.52 
3. 52 
3.5, 
3.5, 
3.5i 
3.5, 
3.50 
3.5o 


9.933747 « 
93367, , 
933596 , 
933520 , 
933445 I 

93329? I 
9332,7 , 
933,41 1 
933066 , 


.26 
.26 
.26 
.26 
.26 

.26 


9.776105 
776482 
776769 
77705D 
777342 
777628 
777915 
77820, 
778487 
778774 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


75 

7! 

7? 

7? 
78 

77 

77 

77 

77 

77 


,o.2238o5 
2235,8 

22323, 

222945 

222658 
^^22372 
^^222085 

22,799 

22,5,2 
221226 


9 
8 
7 
6 
5 
4 
8 
2 
1 



H. eoa. 


N.stne. 


L.008. 


D.1" 


L-Bine. 




L.oot. 


D.l" 


L. tang; 


' 


1 



TBIOOKOMETBICAL FCKCTIOKS.— SI'. 



61 



Nat. Fijmctions. 


LooABiTHMic Functions + 10. 


/ 



1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


Kflliie. 


N.cc 


L.8ilUI. 


D.l" 


L.eoB. ] 


XI" 


L-taog. 


D. 1" 


L.cot 




5i5o4 
5i529 
5i554 
5i579 
5i6o4 
5i628 
5i653 
51678 
5i7o3 
151728 
1 51753 


85717 
85702 
85687 
85672 
85657 
85642 
85627 
85612 
855o7 
85582 
85567 


9.71 1839 
712060 
712260 
712469 
712679 
712889 
713098 
7i33o8 

713935 


3.60 
3.60 
3.5o 
3.49 
3.49 
3.49 
3-49 

3.48 
3.48 


9.933066 1 
932990 1 
932914 1 
932838 J 
932762 1 
932685 1 

»: 

932467 1 
932380 1 
932304 I 


.26 

■I] 

•27 

•27 
•27 

•27j 

•27 
•27 

•27 

^i 

•27; 

.28 

•28 
.28, 
.28 

.28 
.28. 

.28 


9-778774 
779060 
779346 
779632 
719918 
760203 

781060 
781346 
781631 




77 

76 
76 


10-221226 
220940 
220654 

220368 
220082 
219797 
219311 

2IQ225 

218940 

218664 
218369 


60 
69 
68 
67 
66 
66 
64 
68 
52 
61 
60 


51778 
i5i8o3 
i 51828 
i5i852 
1 51877 

51902 

! 51927 
1 51952 

;»977 

52002 


85551 
85536 
85521 
855o6 
85491 
85476 
85461 
85446 
85431 
85416 


9-7UI44 
714352 
714661 
714769 
714978 
716186 
715394 
716602 
716809 
716017 


3.48 
3.47 
3.47 
3.47 
3.47 
3.47 

3.46 
3.46 
3.46 


9.932228 1 
932161 1 
932075 1 
931998 1 
931921 I 
931845 1 
931768 1 
931691 I 
931614 I 
931537 I 


9.781916 
782201 
782486 

783341 
783626 
783910 
784195 

784479 




I 

74 
74 
74 
74 


10.218084 
217799 

2I7DI4 

217229 
216944 
216659 

216374 
216090 
2i58o5 
216621 


49 
48 

47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
60 


52026 
52o5i 
52076 

52IOI 

52126 

52i5i 
52175 

52200 
52225 
52250 


85401 
85385 
85370 
85355 
85340 
85325 
85310 
85294 
85279 
85264 


9.716224 
716432 

717053 

717466 
717673 


3.45 
3.45 
3.45 
3.45 
3.45 
3.44 

3.43 
3.43 
3.43 
3.43 
3.42 
3.42 
3.42 
3.42 
3.41 

3.4i 


9.931460 1 

93i383 1 
^93i3o6 I 
931229 I 
931162 1 
931076 1 
930998 1 

93X3 I 
930766 I 


.28 
.28 
.28 
.29" 

•29! 
.29 

•29 

•29 
•29 
•29 


9.784764 
785048 

785332 
786616 

786900 
786184 
786468 
786762 
787036 
787319 




74 

I 

72 


10.215236 
214952 
214668 
214384 
214100 
2i38i6 
213532 
213248 
212964 
212681 


89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


52275 
52299 

52324 
52349 
52374 

52423 
52448 
52473 
_5249£ 

52522 

52547 
52572 
52597 
52621 
52646 
52671 
52696 
52720 
52745 


85249 
85234 
852 1 8 
85203 
85i88 
85173 
85i57 
85i42 
85127 
85112 


9.718291 

]p 

718909 
7i9"4 
719320 
719525 
719730 
719935 
720140 


9.930688 1 
93061 1 I 
o3o533 1 
930456 1 
930378 1 
93o3oo I 
930223 1 
930146 1 
930067 1 
929989 I 


.29 
•29 

■4 

.30 
•3o 
.30 
.30 


9.787603 
787886 
788170 
788453 
788736 
789019 
789302 
789686 
789868 
790161 




72 
72 
72 
72 
72 
72 
7< 
71 
V 
71 


10. 21 2397 
212114 
2ii83o 
211647 
211264 
210981 
210698 
210416 

210132 

209849 


29 
23 
27 
26 
25 
24 
23 
22 
21 
20 
19 
13 
17 
16 
15 
14 
18 
12 
11 
10 

9 
8 
7 
6 
6 
4 
8 
2 
1 



86096 
85o8i 
85o66 
85o5i 
85o35 
85o2o 
85oo5 
84989 


9.720345 
720649 
720764 
720968 
721162 
721366 
721670 
721774 
721978 
722181 


3.41 
3.41 

3-40 
3.40 
3.40 
3.40 
3.40 
3.39 
3.39 
3.35 
3.39 

3.31 
3-38 
3.38 
3.38 
3.37 
3.37 
3.37 
3.37 


929755 1 

■ 929677 h 
929599 I 

929621 1 
929442 1 
929364 1 
929286 1 
929207 1 


.30 
.30 
.30 
•30 
.30 
.3o 

1?' 

•31 
.31 


9.790433 
790716 

791281 
791563 
791B46 
792128 
792410 
792692 
792974 




71 
71 
71 
71 
70 
70 
70 
70 
70 
70 


10-209567 
209284 
200001 
208719 
208437 

208164 

207872 

207690 

207308 
207026 


61 
62 
58 
64 
65 
66 
67 
63 
69 
60 


52770 

52S19 
52844 
52869 
52893 
52918 
52943 
52967 
52992 


84943 
84928 

848?2 
84866 
84861 
84836 
84820 
84805 


9.722386 
722588 
722791 
722994 
723197 
723400 
7236o3 
7238o5 
724007 
724210 


9.929129 I 

92^2 1 

9^8816 I 
928736 1 
928667 1 
928678 I 
928499 < 

928420 1 


.31 
.3i 
.31 
.31 
.31 
.31 
.31 
.31 
•31 
• 31 


9.793256 
793538 
793819 
794101 
794383 
794664 
794945 

]$?^ 
796789 


^ 


68 


10.206744 
206462 
206I8I 
206899 
206617 
205336 
ao5o55 
204773 
204492 
204211 




N. COS. N. sine. 


L.coe. 


D.l" 


L.sln6. 




L.oot 


D.l" 


L-taag. 


' 


58° 1 



62 



TBIGONOMETRICAL FUNCTIONS.— 33\ 



Nat. PuKCTioNg. 


LoGABiTHjno Functions + 10. 1 


1 


N.8iiie. 


N.008. 


L.8lne. 


D.l" 


L. COS. 


D.l" 


L.tang. 


D 


.1" 


L.cot 





1 
2 
8 
4 
6 
6 
7 
8 
9 
10 


52992 
53017 
53o4i 
53o66 
53091 
53ii5 
53140 
53i64 
53189 
53214 
53238 


84805 
84789 

84743 
84728 
84712 

84666 

8465o 


9.724210 
724412 
724614 
724816 
725017 
725219 
725420 

•725622 

725823 
726024 
726225 


3.37 

It 

3-36 
3.36 
3.36 
3.35 
3.35 
3.35^ 
3.35 
3.35 


9.928420 
928342 
928263 
928183 
928104 
928025 
927946 
927867 
927787 
927708 
. 927629 


1.32 
1.32 
1.32 
1.32 
1.32 
1-32 

1.32 

1-32 

1.32 
1.32 
1.32 

1-32 

1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 


9.795789 

'& 
796632 
796913 
797194 

798036 
798316 
798596 




68 
68 
68 
68 
68 
68 
68 
68 

67 


10. 20421 I 

2o3o87 
202806 

202325 
202245 
201964 
201684 
201404 


60 
59 
58 
57 
56 
65 
64 
63 
62 
51 
50 
49 
43 
47 
46 
45 
44 
43 
42 
41 
40 
89 
83 
87 
86 
85 
84 
83 
82 
81 
80 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


53263 
53288 
53312 
53337 
53361 
53386 
53411 
53435 
53460 
53484 


84635 
84619 
84604 
84588 
84573 
84557 
84542 
84526 
845II 
84495 


9.726426 
726626 
726827 
72702T 

727228 
727428 
727628 
727828 
728027 
728227 


3.34 
3.34 
3.34 
3.34 
3.34 
3.33 
3.33 
3.33 
3.33 
3.33 


9-927549 
927470 
927390 
927310. 
927231 
927i5i 
927071 
926991 
926911 
926831 


9.798877 
7991 D7 
799437 
799717 

800557 
8oo836 
801 1 16 
801396 




?7 
67 

ti 
66 
66 
66 
66 
66 


10-201123 
200843 

200563 

200283 

2oooo3 

199723 

199443 
199164 
198884 
198604 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


53509 
53534 
53558 
53583 
53607 
53632 
53656 
53681 
53705 
53730 


84480 
84464 
84448 
84433 
84417 
84402 
84386 
84370 
843d5 
84339 


'■■'XL 

728825 
729024 
729223 
729422 

729621 

729820 
730018 
730216 


3.32 
3.32 
3.32 
3.32 
331 
331 
3.3i 
3.31 
3.30 
3.30 


9.926751 
926671 
926591 
9265 1 1 
926431 
926351 
926270 
926190 
926110 
926029 


1-33 
1.33 
1.33 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 
1.34 


9.801675 
801955 
802234 
8o25i3 
802792 
803072 
8o335i 
8o363o 
803908 
804187 




66 
66 
65 
65 
65 
65 
65 
65 
65 
65 


10-198325 
198045 
197766 
197487 

197208 
196928 
196649 
196370 
196092 

I958I3 


81 
82 
83 
84 
85 
86 
07 
88 
89 
40 


53754 

53804 
53828 
53853 
53877 
53902 
53926 
5301 
53975 


84324 
84308 
84292 
84277 
84261 
84245 
84230 
84214 
84198 
84182 


9.730415 

73o6i3 
730811 
731009 
731206 
•^1404 
7«i6o2 
731799 
731996 
732193 


3.30 
3.30 
3.30 
3.29 
3.29 
3.29 
3.29 

'a 

3.28 


^^2^861 
925788 
925707 
925626 
925545 
925465 
925384 
9253o3 
925222 


1.34 
1.34 
1.34 
1.34 
1.34 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.35 
1.36 
1.36 
1-36 
1-36 
1.36 


9.804466 
804745 
8o5o23 
8o53o2 
8o558o 
8o5859 
806137 
806415 
806693 
806971 




64 
64 
64 
64 
64 
64 
64 
63 
63 
63 


10.195534 
195255 

\in 

194420 
194141 

193863 
193585 
193307 
193029 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


54000 
54024 
54049 
54073 
54097 
54122 
54146 
54171 
54195 
54220 


84167 
84i5i 
84135 
84120 
84104 
84088 
84072 
84057 
84041 
84025 


732784 
732980 
733177 
733373 
733560 
733765 
733961 
734157 


3.28 
3.28 
3.28 
3.27 
3.27 
3.27 
3.27 
3.27 
3.26 
3.26 


9.925141 
925060 

924979 
924897 
-924816 
924735 
924654 
924572 
924491 
924409 


9.807249 
807527 
807805 
808083 
8o836i 
8o8638 
808916 
809193 
809471 
809748 




63 
63 
63 
63. 
63 
62 
62 
62 
62 
62 


10.192751 
192473 
192195 

191362 
I9I084 
190807 
190529 
190252 


51 
52 
58 
54 
65 
56 
67 
58 
69 
60 


54244 
54260 
54293 
54317 
54342 
54366 
54391 
54415 
54440 
54464 


84009 
83994 
83978 
83962 
83946 
83930 
83oi5 
83800 

83867 


9.734353 
734549 
734744 
734939 
735i3d 
735330 
735525 
735719 
735914 
736109 


3.26 
3.26 

3-25 
3-25 
3-25 
3.25 
3-25 
3.24 
3.24 
3.24 


9.924328 
924246 
924164 
924083 
924001 
923919 
923837 
923755 
923673 
923591 


1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 

■1; 


9.810025 
8io3o2 
8io58o 
810837 
8iii34 
811410 
81 1687 
811964 
812241 
812517 




62 
62 
62 
62 
61 
61 
61 
61 
61 
61 


189420 
188590 

i883i3 
i88o36 


9 
8 
7 
6 
5 
4 
3 
2 
1 



N.C08. 


N.dne. 


L. 008. 


D.l" 


L.slne. 




L.cot 


D.1'' 


L-tang: 


1 


57° 1 



TRIGONOMETRICAL FUKCTI0N8. — 33'. 



63 



Nat. Functions. 


LotiABiTHmc Functions + 10. 


' 


Kilne. 


N.cofl. 


L.Bine. 


D.l" 


L.C08. . 1 


).l" 


L. tang. 


D 


1" 


L.oot 





i 

2 
8 

4 
5 
6 
7 
8 
9 
10 


54464 
54488 
545i3 
54537 
54561 
54586 
54610 
54635 
5465o 
54683 
54708 


83867 
83851 
83835 
83819 
838o4 
83788 

'^]^ 

83740 
83724 
83708 


736498 
» 

737080 
737274 
737467 
737661 
737855 
738048 


3.24 
3. 24 
3.24 
3-23 
3. 23 
3.23 
3-23 
3.23 

3-22 

3.22 
3.22 


9.923591 1 
923509 1 
923427 1 
923345 1 
923263 1 
923181 1 
923098 I 
923016 1 
922933 1 
922861 1 
922768 1 


-37 
-37 

1 
''I 

.38 
.38 
.38 
.38 
•38 
.38 
.38 
.38 
• 38 
.38 
.38 


9.812617 
812794 
813070 
813347 
8i3623 
813890 
814175 
814452 
814728 
816004 
816279 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


61 
6i 
61 
60 
60 
6o- 
60 
60 
60 
60 
60 


10-187483 
187206 
186930 
186653 
186377 
186101 
186826 
186648 
186272 
184996 
184721 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


54732 
54756 
54781 
548o5 
54829 
54854 
54878 
54902 
54927 
54951 


83692 
83676 
83660 
83645 
83620 
836i3 
835Q7 
835§i 
83565 
83549 


9.738241 

738434 
738627 
738820 
739013 
739206 
739398 

7397^3 
739975 


3.22 

3-22 
3.21 
3.21 
3.21 
3.21 
3-21 
3.20 
3-20 

3.20 


9.922686 ] 
922603 1 
922620 ] 
922438 1 
922355 1 
922272 1 
922189 1 
922106 ] 
922023 
921940 


9.816665 
8i583i 
816107 
8i6382 
816668 
816933 
817209 
817484 

112^1 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


1 
1 

-59 


10.184445 
184169- 
183893 
i836i8 
183342 
183067 
182791 
182616 
182241 
181966 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
23 
24 
25 
26 
27 
23 
29 
80 


54975 
54999 
55024 
55048 
55072 
55097 
55i2i 
55145 
55169 
55194 


83533 
835i7 
83501 
83485 
83460 
83453 
83437 
83421 
83405 
83389 


9-740167 
740359 
74o55o 
740742 
740934 
741125 
74i3i6 
741 5o8 

741889 


3.20 

3-20 

3.19 

3.19 
3.19 
3.19 
319 
3.18 
3.18 
3.18 


9.921867 1 
921774 1 
921691 1 
921607 1 
921624 ] 
921441 1 
921357 1 
921274 1 
921 190 1 
921107 1 


.39 
.39 

.39 

i9 

•39 

.39 
-39 


9-818310 
818686 
818860 
819135 
819410 
819684 
819959 
820234 
820608 
820783 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


-58 
.58 
-58 
-58 
-58 
-58 
58 
-58 

1? 


10.181690 
]8i4i5 
181 140 
180866 
180690 
i8o3i6 
180041 
179766 
179492 
179217 


89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


55218 
55242 
55266 
55291 
553i5 
55330 
55363 
55388 
55412 
55436 


83373 
83356 
83340 
83324 
833o8 
83292 
83276 
83260 
83244 
83228 


9 .742080 
742271 
742462 
742662 
742842 
743o33 
743223 
743413 
n436o2 
743792 


3.18 
3.18 

3.17 
3.16 
3.16 
3.16 


9-921023 1 

920866 : 

920688 1 
920604 1 
920620 1 
920436 1 
920362 1 
920268 1 


•39 
.40 
•40 
.40 
.40 
.40 
.40 
-40 
.40 
.40 


9-821067 
821332 
821606 
821880 
822164 
822420 
82270J 
822977 
823250 
823624 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


1 

56 
56 
56 


10.178943' 
178668 
178394 
178120 
177846 
177671 

177297 
177023 
1767D0 
176476 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


55460 
55484 
55509 
55533 
55557 
55581 
556o5 
55630 
55654 
55678 


83212 

83x95 

83ii5 

83o?2 
83o66 


9.743982 

744550 
744739 
744928 

7453^2 


3.16 
3.16 
3.i5 
3.i5 
3.i5 
3.i5 
315 
3.14 
3.14 
3-14 


9-920184 1 
920090 1 
920015 1 
919031 1 
919846 1 
-919762 1 
919677 I 
919693 1 
919608 1 
919424 1 


.40 
-40 
-40 
•41 
•41 
.41 
•41 
•41 
•41 
.41 

•41 
•41 
•41 
•41 
•42 
•42 
•42 
•42 
r.42 


9.82-3798 
824072 
824345 
824610 
824893 
826166 
826439 
826713 
826986 
826269 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


66 
56 
66 
56 
66 
66 
55 
55 
56 
66 


10.176202 
175928 
I756!)5- 
175381 
175107 
174834 
174561 
174287 
174014 
173741 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


61 
52 
58 
64 
55 
66 
57 
58 
59 
60 


55702 
55726 
55760 

55847 
55871 
55895 
55919 


83o5o 
83o34 
83oi7 
83ooi 
82985 

8295? 
82936 
82920 
82904 


9-745871 
746059 
746248 
746436 
746624 
746812 
746909 
747187 
747374 
747562 


3.14 
3.14 
3.13 
3.13 
3.i3 
3-13 
3.i3r 
3.12 
3.12 

3-12 


9.919339 
919264 I 
919169 1 
919086 1 

9I8745 
918669 
918674 


9-826532 
826806 
827078 
827351 

• 827624 
827897 
828170 
828442 
828716 
828987 


4 

4 
4 
4 
4 
4 
4 
4 
4 
4 


56 
55 
66 
55 
66 
54 
54 
54 
54 
54 


10.173468 
173195 
172922 
172649 
172376 
172103 
171830 
171668 
171286 
171013 


9 
8 
7 
6 
5 
4 
8 
2 
1 



N. COS. 


N.sine. 


L.COS. 


D.l" 


L.8iiie. 




L.cot , 


D 


V 


L. tang. 


' 


56° 1 
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f 
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Nat. Functions. 


Logarithmic Functions + 10. 


/ 


N.slne. 


N.coe. 


L. sine. 


D 


1" 


L. 008. 


D.l" 


L.taDg. 


D.V 


L.oot 





1 

2 
8 

4 
6 
6 
7 
8 
9 
10 


55968 
55992 
56oi6 
56040 
56o64 
56o88 
56II2 
56i36 
56i6o 


82904 
82887 
82871 
82855 
82839 
82822 
82806 
82790 
82773 
82757 
82741 


9-747562 

747749 

748310 

» 

748870 
749056 
749243 
749429 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


12 
12 
12 

II 
II 
11 
11 
10 
10 
10 


9.918574 
918489 
918404 
918318 
918233 
9I8I47 
918062 
917076 
9I789I 
917805 
917719 


1. 42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.42 
1.43 

1.43 


9.828987 
829260 
829532 
829805 
830077 
83o349 
83o62i 
830893 
83ii65 
831437 
831709 


4-54 
4-54 
4-54 
4.54 
4.54 
4-53 
4-53 
4-53 
4.53 
4.53 
4-53 


10.171013 
170740 

170468 
170196 

169379 

169107 
168835 
168563 
I 6829 I 


60 
69 
58 
67 
66 
55 
64 
53 
52 
51 
50 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


561 84 
56208 
56232 
56256 
56280 
563o5 
56329 
56353 
56377 
56401 


82724 
82708 
82692 
82615 

82626 
82610 
82593 
82577 


9.749615 
749801 

749987 
750172 
75o358 
75o543 
. 750729 
750914 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


10 
10 
09 
09 
09 
09 

08 
08 


917462 
917376 
917290 
917204 

917118 

917032 
916946 
916859 


1.43 
1.43 
1.43 
1.43 
1.43 
1.43 

1-44 
1-44 
1-44 
1-44 
1-44 
1-44 
1-44 
1-44 
1-44 
1.44 
1-44 
1.45 
1.45 
1.45 


9.831981 
832253 
832525 
832796 
833o68 
833339 
8336II 
833882 
834154 
834425 


4.53 
4.53 
4.53 
4.53 
4-52 
4-52 
4.52 
4-52 
4-52 
4-52 


10.168019 
167747 
167475 
167204 
166932 
166661 
166389 
166118 
165846 
165575 


49 
48 
47 
46 
46 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
40 


56425 
5644Q 
56473 
56497 
56521 
56545 
56569 
56593 
56617 
56641 


82561 
82544 
82528 
825ii 
82495 
82478 
82462 
82446 
82429 
82413 


75i83o 
752023 
752208 
752392 

752760 
752944 
753128 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


08 
08 
08 
07 

07 
07 
07 

07 
06 
06 


9.916773 
916687 
916600 
9i65i4 
916427 
916341 
916254 
916167 
916081 
915994 


9.834696 
834967 
835238 
835509 
335780 
836o5i 
836322 
836593 
836864 
837134 


4-52 
4.52 
4-52 
4.52 
4-5i 
4-51 
4-51 
4.51 
4.51 
4-5i 


io.i653o4 
i65o33 
164762 

164491 
164220 
163949 
163678 
163407 
i63i36 
i6;?866 


89 
88 
87 
86 
85 
84 
88 
82 
81 
80 


56665 
56689 
56713 
56736 
56760 
56784 
568o8 
56832 
56856 
56880 


82396 
82380 
82363 
82347 
82330 
82314 
82207 
82281 
82264 
82248 


9-753312 
753495 

754046 
754229 
754412 
754595 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


06 
06 
06 

o5 
o5 
o5 
o5 
o5 
04 
04 


9.915907 
915820 
915733 
915646 
915559 
915472 
915385 
915297 
916210 
9i5i23 


1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.46 


9.837405 
837675 
837946 
838216 
838487 
838767 
839027 

l%m 

839838 


4.51 
4.5i 
4-51 
4.51 
4.50 
4.50 
4-50 
4.50 
4.50 
4-50 


10.162695 
162325 
162064 
161784 
i6i5i3 
161243 
160973 
160703 
160432 
160162 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
43 
44 
45 
46 
17 
48 
49 
50 


56904 
56928 
66951 
56976 
D7000 
57024 
57047 

57095 
571 19 


82231 
82214 
82198 
82181 
82165 
82148 
82132 
82115 
82098 
82082 


9.755143 
755326 
755508 
755690 

756236 
756418 
756600 

756782 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


04 
04 
04 
04 
o3 
o3 
o3 
o3 
o3 
02 


9.915035 
914948 
914860 

& 

914598 
914510 
914422 
914334 
914246 


1.46 
1.46 
1-46 
1.46 
1.46 
1.46 
1.46 
1.46 
1.46 
1-47 


9.840108 
840378 
840647 
840917 
841 187 
841457 
841726 

842535 


4.50 
4.50 
4.50 

4.49 
4.49 
4.49 

4.49 
4.49 

4.49 
4-49 


10.169892 
160622 
169353 
169083 
i5B8i3 
158543 
168274 
168004 
157734 
167465 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 

' 9 
8 
7 
6 
5 
4 
8 
2 
1 



61 
62 
58 
54 
65 
56 
67 
68 
69 
«0 


57143 
57167 

57215 

57238 
57262 
57286 
57310 
57334 
57358 


82065 
82048 
82032 
82015 

81982 
81965 

81949 
81932 
81915 


9.756963 
757144 

757326 

758230 
758411 
758591. 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


02 
02 
02 
02 

01 

01 
01 
01 
01 


9.914158 
914070 
913982 
913894 
913806 
913718 
9i363o 
913541 
913453 
913365 


1.47 
1-47 
1.47 
1-47 
1-47 
1-47 
1-47 
1-47 
1-47 
1-47 


9.842805 
843074 
843343 
843612 
843882 

8441 5i 
844420 
844689 
844958 
845227 


4.49 
4.49 
4.49 
4.45 
4.48 
4-48 
4.48 
4.48 
4.48 
4.48 


10.167196 
166926 

1^5638? 
166118 
166849 
I 56580 
i553ii 
i55o42 
154773 


ir.coe. 


N.sine. 


L. COS. 


-D.I" 


L. Bine. 




L.cot. 


D.l" 


L. tang. 


/ 


55° 1 
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Nat. Functions. 


LooABiTHific Functions + 10. 





N.sine. 


N.cos. 


L.8ine. 


D. 1" 


L.COS. 


D.V' 


L.tang. 


D.l- 


L.cot 




57358 


81915 


9.758591 


3 


01 


9.913365 


1-47 


9-845227 
845496 


4 


48 


10.154773 
1 54504 


60 


1 


57381 


81899 


& 


3 


00 


913276 
913187 


Itl 


4 


48 


59 


2 


57405 


81882 


3 


00 


845764 


4 


48 


154236 


68 


8 


l]i^ 


8i865 


759132 


3 


00 


9i3o99 


1.48 


846033 


4 


48 


153967 
i536q8 
153430 


57 


4 


81848 


759312 


3 


00 


9i3oio 


1.48 


846302 


4 


48 


56 


5 


57477 


8i832 


759492 


3 


00 


912922 
912833 


1.48 


846570 


4 


47 


5o 


6 


57501 


8i8i5 


759672 


2 


99 


1.48 


846839 


4 


47 


i53i6i 


64 


7 


57524 


l\t 


75^52 


2 


99 


912744 


1.48 


847 » 07 
847376 


4 


47 


152893 


63 


8 


57548 


760031 


2 


99 


912655 


1-48 


4 


4; 


152624 


62 


9 


57572 


81765 


760211 


2 


99 


912066 


1-48 


847644 


4 


47 


152356 


61 


10 


575g6 


81748 


760390 


2 


99 


912477 


1.48 


8479 » 3 


4 
4' 


47 
47 


152087 


60 


11 


l]tl^ 


81731 


'•g 


2 


■98 


9.912388 


1T48 


9.848181 


io-i5i8i9 


4y 


12 


81714 
81608 
81681 


2 


98 


912299 


1-49 


848449 


4 


47 


i5i55i 


48 


18 
14 


57667 
57691 


761 106 


2 
2 


9? 
98 


912210 
912121 


1-40 
1-49 


ffl 


4 
4 


47 
47 


i5i283 
l5ioi4 


47 
46 


15 


57715 


81664 


761 2§5 


2 


98 


9i2o3i 


1-49 


849254 


4 


47 


i5o746 


45 


16 


57738 


81647 


761464 


2 


98 


'^\ni 


1-49 


849522 


4 


^I 


I 50478 


44 


17 


57762 


8i63i 


761642 


2 


97 


1.49 


a 


4 


46 


i5o2io 


43 


18 


57810 


81614 


761821 


2 


97 


911 763 


1-49 


4 


46 


149942 
149675 


42 


19 


I'M 


761999 


2 


97 


911674 
911564 


1-49 


85o325 


4 


46 


41 


20 


57833 


762177 


2 


97 


1.49 


85o593 


4 


46 


149407 


40 
39 


21 


57857 


8i563 


9.762356 


2 


v> 


9 91 1495 


1-49 


9.850861 


4 


46 


10.149139 

I4B871 


22 


57881 


81546 


762534 


2 


911405 


1-49 


851120 
85i396 
85i664 


4 


46 


88 


23 


57904 


8i53o 


762712 

762889 


2 


96 


9ii3i5 


1-50 


4 


46 


148604 


87 


24 


57928 


8i5i3 


2 


96 


911226 


1-50 


4 


46 


148336 


86 


25 


57952 


81496 


763245 


2 


96 


91II36 


i.5o 


85i93i 


4 


46 


148069 


85 


26 


57976 


81479 


2 


96 


911046 


i.5o 


852199 
852466 
852733 


4 


46 


14780 I 


84 


27 
'28 


5^ 


81462 
81445 


^^^ 


2 
2 


95 


910956 
910866 


i.5o 
i.5o 


4 
4 


46 
45 


147534 
147267 


83 
.82 


29 


58047 


81428 


&l 


2 


95 


o'l^^^ 


i.5o 


853001 


4 


45 


146999 
146732 


81 


80 
31 


58070 


81412 


2 


95 


i.5o 


853268 


4 


45 


80 


58094 


81395 


9.764131 


2 


95 


9-910596 


i.5o 


9-853535 


4 


45 


10.146465 


29 


32 


58ii8 


81378 
8i36i 


764308 


2 


95 


9io5o6 


1-50 


853802 


4 


45 


146198 
145931 


28 


88 


58i4i 


764485 


2 


94 


910415 


i.5o 


854069 
854336 


4 


4q 
45 


27 


84 


58i65 


81344 


764662 


2 


94 


910325 


i.5i 


4 


145664 


26 


85 


58189 


81327 


764838 


2 


94 


910235 


i-5i 


8546o3 


4 


45 


&o 


25 


86 


58212 


8i3io 


76501 5 


2 


94 


910144 


i.5i 


854870 


4 


45 


24 


37 


58236 


81293 


a 


2 


94 


910054 


i.5i 


855137 


4 


45 


144863 


23 


88 


58260 


81276 
81259 


2 


94 


909782 


i.5i 


855404 


4 


45 


144596 


22 


39 


58283 


765544 


2 


93 


i.5i 


855671 
855938 


4 


44 


144329 


21 


40 


58307 


81242 


765720 


2 


93 
"93 


i.5i 


4 


44 


144062 


20 
19 


41 


58330 


81225 


9.765896 


2 


9-909691 


i.5i 


0. 856204 


4 


4i 


10-143796 
143529 
143263 


42 


58354 


81208 


766072 


2 


93 


909601 


i.5i 


856471 
856737 


4 


44 


18 


43 


58378 


81191 


766247 
766423 


2 


93 


909510 


i.5i 


4 


44 


17 


44 


58401 


81 1 74 


2 


93 


909410 
909328 


i.5i 


857004 


4 


44 


142996 


16 


45 


58425 


81I57 


766598 


2 


92 


1-52 


2^727° 


4 


44 


142730 


15 


46 

47 


58449 
58472 


81140 
8x123 


766774 
766949 


2 
2 


92 
92 


90923J 
909146 


1.52 

1-52 


857537 
857803 
858o6o 
858336 


4 
4 


44 
44 


142463 
142107 
1419^1 
141664 


14 
13 


48 
49 


58496 
585T9 
58543 


8tio6 
81089 


767124 
767300 


2 
2 


92 
92 


W 


1.52 

1-52 


4 
4 


44 
44 


12 
11 


50 


81072 


767475 


2 


91 


1-52 


858602 


4 


43 


141398 


10 


51 


58567 


8io55 


9.767649 


2 


9» 


'ts^ 


1.52 


9-858868 


4 


43 


io-i4ii32 


9 


52 


58590 


8io38 


767824 


2 


9» 


1-52 


859134 


4 


43 


140866 


8 


58 


586i4 


81021 


768348 


2 


9« 


908599 


1-52 


859400 


4 


43 


140600 


7 


54 
55 


58637 
58661 


81004 
80987 


2 

2 


9» 
90 


908416 


1.52 

1.53 


859666 
859932 


4 
4 


43 

43 


140334 
140068 


6 
5 


56 


58684 


80970 


768522 


2 


90 


908324 


1.53 


860198 
860464 


4 


43 


139802 


4 


57 


58708 


80953 


768697 


2 


90 


908233 


1-53 


4 


43 


139536 


3 


58 


58731 


80936 


768871 


2 


90 


908141 


1.53 


860730 


4 


43 


139270 


2 


59 


58755 


80919 


769045 


2 


90 


908049 

907958 


1-53 


860995 


4 


43 


139005 
138739 


1 


60 


58779 


80902 


769219 


2.90 


1.53 


861261 


4.43 





N. COS. 


N.sine. 


L. COS. 


D.l" 


L. stne. 




1 L. cot. 


D.l" 


L. tang. 


' 


54° 
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TRIGONOMETRICAL FUNCTIONS. — 36°. 



Nat. Functions. 


Logarithmic Functions + 10. 


' 


JN.stoe. 


N. COS. 


L.sine. 


D.l" 


L.C0S. 


D.l" 


L. tang. 


Dl." 


L.eot 





1 


\'&l 


80902 
80885 


"ii 


IX 


'■^^ 


1.53 
1.53 


0*861261 

861627 


4 
4 


.43 
•43 


io.i3873o 
I3847J 


60 
59 


2 


58826 


80867 


2.89 


907774 


1.53 


861792 
862058 


4 


•42 


i382o8 


63 


3 


5884Q 
58873 


8o85o 


769740 


2.89 


907682 


1.53 


4 


42 


\t]'^' 


57 


4 


80833 


769913 


2-89 


907590 


1.53 


862323 


4 


42 


56 


5 


58896 


80816 


770087 




907498 


1.53 


862589 


4 


42 


13741 I 


55 


6 


58920 


^0?^ 


770260 


907406 


1.53 


862854 


4 


42 


137146 


54 


7 


58^43 


770433 


2.88 


907314 


1.54 


863119 
863385 


4 


42 


l3688i 


53 


8 


58967 


80765 


770606 


2.88 


907222 


1.54 


4 


42 


1 3661 5 


52 


9 


58990 


80748 


770779 
770952 


2.88 


907129 


1.54 


863650 


4 


42 


l3635o 


51 


10 


59014 


80730 


2.88 


907037 


1.54 


863915 


4 


42 


l36o85 


50 


11 


59037 


80713 


9.771125 


2.88 


'■^il 


1.54 


9.864180 


4 


42 


10.136820 


49 


12 


59061 


80696 


771298 


2.87 


1.54 


864445 


4 


42 


136665 


4S 


13 


59084 


80679 


771470 


2.87 


906760 


1.54 


864710 


4 


42 


136290 


47 


14 


59^8 


8066? 


771643 


2.87 


906482 


1.54 


864975 


4 


41 


l36o25 


46 


15 


59131 


80644 


771815 


2.87 


1.54 


865240 


4 


41 


134760 


45 


16 


59154 


80627 


771987 


2.87 


1.54 


8655o5 


4 


41 


134495 
l3423o 


44 


17 


59178 


80610 


772159 


2.87 


906389 


1.55 


865770 


4 


41 


43 


IS 


59201 


80593 


772331 


2-86 


906296 


1.55 


866035 


4 


41 


133966 


42 


19 


59225 


80576 
8o558 


772503 


2.86 


906204 


1.55 


866300 


4 


41 


133700 


41 


20 


59248 


772675 


2-86 


9061 11 


1.55 


866564 


4 


41 


133436 


40 


21 


159272 


80541 


9.772847 
773018 


2-86 


9-906018 


1.55 


9.866829 


4 


41 


10.133171 


89 


22 


59295 


8o52i< 


2-86 


905925 

9o5o32 


1.55 


867094 


4 


41 


132906 


83 


28 


593i8 


8o5o7 


& 


2.86 


'•?? 


867358 


4 


41 


132642 


87 


24 


59342 


80489 


2-85 


& 


1.55 


867623 


4 


41 


llf^l 


86 


25 


5o365 


80472 


773533 


2-85 


1.55 


867887 


4 


41 


85 


26 


59389 


80455 


773S75 


2.85 


905552 


1.55 


8681 52 


4 


40 


i3i848 


84 


27 


59412 


80438 


2-85 


905459 
905366 


1.55 


868416 


4 


40 


i3i684 


83 


28 


59436 


80420 


774046 


2-85 


1.56 


868680 


4 


40 


l3i32o 


82 


29 


59459 


80403 


774388 


2-85 


905272 


1-56 


868945 


4 


40 


l3io55 


31 


80 


59482 


8o386 


2.84 


9o5i79 


1.56 


869209 


4 


40 


I 3079 I 


80 


31 


59506 


8o368 


9.774558 


2.84 


9.905085 


1.56 


9.869473 


4 


40 


io.i3o527 
i3o263 


29 


32 


59529 


8o35i 


774729 
774899 


2-84 


904092 
904898 


*i^ 


869737 


4 


40 


28 


33 


59552 


80334 


2.84 


1.56 


870001 


4 


40 


129999 


27 


84 


59576 


8o3i6 


775070 


2.84 


904804 


1-56 


870265 


4 


40 


129735 


26 


35 


59599 


a 


775240 


2.84 


9047 I I 


1.56 


870629 
870793 
871067 


4 


40 


129471 


25 


86 


59622 


775410 


2-83 


904617 
904523 


1.56 


4 


40 


120207 
128943 
128679 
128416 


24 


87 


59646 


80264 


775580 


2.83 


1.56 


4 


40 


23 


38 


l^ 


80247 


775750 


2-83 


To^lt 


1.57 


871321 


4 


40 


22 


39 


8o23o 


775920 


2.83 


1.57 


871685 


4 


40 


21 


40 


59716 


80212 


776090 


2-83 


904241 


1.57 


871849 


4 


39 


128161 


20 


41 


n\lt 


80195 


9.776259 


2.83 


9.904147 
904053 


'17 


9.872112 


4 


39 


10.127888 


19 


42 


80178 


'itr^ 


2.82 


1.57 


872376 


4 


39 


127624 


13 


43 


ni% 


80160 


2.82 


« 


1.57 


872640 


4 


39 


127360 


17 


44 


80143 


776768 


2.82 


1.57 


872903 


4 


39 


126833 
126670 


16 


45 

46 


1 59832 
159856 


80125 
80108 


776937 
777106 


2.82 
2.82 


9o358i 


;:p 


873167 
873430 


4 
4 


39 
39 


15 
14 


47 


'59879 


80091 


777275 


2.81 


"l'^ 


873694 
873957 


4 


39 


l263o6 


13 


48 


59902 


80073 


777444 


2.81 


903487 


"h 


4 


39 


126043 


12 


49 


59926 


8oo56 


777613 


2.81 


903392 


1.58 


874220 


4 


39 


126780 
126616 


11 


50 


159949 


8oo38 


777781 


2-81 


903298 


1.58 


874484 


4 


39 


10 


51 


59972 


80021 


9.777960 
778119 


2.81 


9.903203 


•1^1 


9.874747 


4 


39 


10.126263 


9 


52 


59995 


8ooo3 


2.81 


903108 


1.58 


876010 


4 


u 


124990 


8 


53 


60019 


79986 


778287 


2.80 


9o3oi4 


1.58 


876273 


4 


124727 


7 


54 


60042 


79968 


778455 


2.80 


902019 
902824 


1.58 


876636 


4 


38 


124464 


6 


55 


6oo65 


79951 


778624 


2.80 


1-58 


876800 


4 


38 


124200 


5 


56 


60089 


79934 


778792 


2-80 


902729 
992634 


1-58 


876063 


4 


38 


i23o37 
123674 


4 


57 


601 12 


79809 


778960 


2.80 


1-58 


876326 


4 


38 


8 


58 


'6oi35 


779128 


2 -80 


902539 


1.59 


876689 


4 


'li 


123411 


2 


59 


;6oi58 


779295 


2.79 


902444 


1.59 


876861 


4 


.38 


I23i49 


1 


60 


60182 


79864 


779463 


2.79 


902349 


1.59 


877"4 


4-38 


122886 







IN. COS. N. sine. 


L. COS. 


D.l" 


L.6ine. 




L.cot 


D.l" 


L. tang. 


' 


53° 1 



XRIGONOMETBICAL FUNCTIOKS. — 37?. 
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Nat. Functions. 


L06ARITHM10 Functions + 10. j 


/ 


N.slne. 


K COS. 


L. sine. 


D.l" 


L.coa. 1 


XV' 


L. tang. 


D.l" 


L.cot 





1 
2 
S 
4 
5 
6 
7 
8 
9 
10 


60182 
6o2o5 
60228 
6025 1 
60274 
60298 
6o32i 
6o344 
60367 
60390 
60414 


79864 
79846 
79829 
79811 
79793 

79741 
79723 

79688 


9-779463 
779631 
779798 

7?o?33 
780300 
780467 
780634 
780801 
780968 
781134 


2.79 
2.79 

2-79 
2.79 
2.79 
2.78 
2.78 
2.78 
2.78 
2.78 
2.78 


9.902349 I 
902253 I 
902158 I 
902063 1 
901967 1 
901872- 1 

901081 1 
90i585 I 
901490 1 
901894 1 


.59 

1 
:p 

•60 


9.877114 
877377 
877640 

878428 
878691 
878953 
879216 
879478 
879741 


4-38 
4-38 
4-38 
4-38 
4-38 
4-38 
4-38 
4.37 
4-37 
4.37 
4-37 


10-122886 
122623 

122360 

121572 
121809 
121047 
120784 

I20522 
120259 


60 

59 
58 
57 
66 
55 
54 
53 
52 
51 
50 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 


60437 
60460 
60483 
6o5o6 
60529 
6o553 
60576 
60599 
60622 
60645 


79671 

79653 
79635 
79618 
79600 
79583 
79565 
79547 
79530 
79512 


9-78i3oi 
781468 
781634 
781800 
781966 
782132 
782298 
782464 
782630 
782796 


2.77 
2-77 
2-77 
2-77 
2.77 

2.76 


9.901298 1 
901202 1 
901 106 I 
901010 1 

^8l8 1 

900626 1 
900529 1 
90043J 1 


.60 
.60 
.60 
.60 
.60 
.60 
•60 
.60 
.60 
.61 


9.880003 
880265 
88o528 
880790 
881062 
88i3i4 
881576 
881839 
882101 
882363 


4.37 
4.37 
4-37 
4.37 
4.37 
4-37 
4.37 
4-37 
4-37 
4-36 


10-119907 
119733 
119472 
II921O 
I 18948 

II 8686 
I I 8424 
118161 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


60668 
60691 
60714 
60738 
60761 
60784 
60807 
6o83o 
6o853 
60876 


79494 
79477 
79459 
79441 
79424 

]l^t 
79335 


9 '78296 I 
783127 
783292 

•783458 
783623 
783788 
783953 
784118 
784282 
784447 


2.76 
2-76 

2.75 
2.75 
2.75 
2.75 
2.75 

2-75 

2.74 

2-74 


9-900337 " 1 
900240 1 
900144 > 

899757 ' 
899660 1 
899564 « 
899467 1 


.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.62 


9.882625 
882887 
883148 
883410 
883672 
883934 
884196 
884457 

884719 
884980 


4-36 
4-36 
4-36 
4-36 
4-36 
4-36 
4-36 
4-36 
4-36 
4-36 


10-117875 
117118 
II6852 
1 16590 
116828 
I 16066 
ii58o4 
115543 
Ii528i 

Il5020 


89 
83 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
83 
34 
35 
86 
37 
38 
89 
40 


60899 
60922 
60945 
60968 
60991 
6ioi5 
6io38 
61061 
61084 
61107 


79318 
79300 
79282 
79264 
79247 
79229 
79211 
79193 


9.784612 
784776 
784941 
785io5 
785269 
785433 
785597 
785761 
785925 
786089 


2-74 
2.74 
2.74 
2.74 
2.73 
2.73 
2-73 
2.73 

2.73 


9.899370 1 
899273 1 
899176 j 

898787 
898689 
898592 
898494 


.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
•62 
.63 


9-885242 
8855o3 
885765 
886026 
886288 
886549 
/ 886810 
/ 887072 
887333 
887594 


4-36 
4-36 
4-36 
4-36 
4-36 
4.35 
4-35 
4-35 
4-35 
4-35 


10-114758 

I 14497 
114235 
118974 
118712 
ii345i 
118190 
112928 
1 1 2667 
1 1 2406 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


6ii3o 
6ii53 
61176 
61 199 
61222 
61245 
61268 
61291 
6i3i4 
61337 


79140 
79122 
79105 
79087 
79069 

79o5i 
79033 


9.786252 
786416 
786579 
786742 
786906 
787069 
787232 
787395 
787557 
787720 


2.72 
2.72 
2.72 
2.72 
2.72 
2-72 
2.71 
2.71 
2.71 
2.71 


9.898397 
898299 
898202 
898104 
898006 
897008 
897810 

897614 
897516 


.63 
.63 
.63 
•63 
.63 
• 63 
.63 
.63 
•63 
.63 


9.887855 
888116 
888377 
888639 
888900 
889160 
889421 
889682 
889943 
890204 


4-35 
4.35 
4.35 
4-35 
4-35 
4-35 
4-35 
4-35 
4-35 
4.34 


10.112145 

111884 

. 111623 

111861 

IIIIOO 

I 10840 
110579 
110818 

II0057 

109796 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


6i36o 
6i383 
61406 
61429 
6i45i 
61474 

61497 
61 520 
61543 
61 566 


78962 
78944 
7g926 

X 

till 

78837 

78801 


9.787883 
788045 
788208 
788370 
788532 

7888?6 
789018 
789180 
789342 


2.71 
2.71 
2.71 
2.70 
2-70 
2.70 
2.70 
2-70 
2.70 
2-69 


9.897418 
897320 
897222 
897123 
897025 1 
896926 
896828 
896729 
896631 
896532 


•64 
.64 
.64 
.64 
.64 
.64 
•64 
.64 
.64 
.64 


9.890465 
890725 
890986 
891247 
891507 
89176^ 
892028 
892289 
892549 
892810 


4.34 
4-34 
4.34 
4-34 
4.34 
4-34 
4-34 
4.34 
4.34 
4-34 


10.109535 
109275 
I090I4 

108753 
108493 
108282 

107972 
I077II 
107451 
107190 


9 
8 
7 
6 
5 
4 
8 
2 
1 





N. COS. 


N.sine. 


L. COS. 


D.l" 


L. sine. 


L.cot 


D.l" 


L. tang. 


1 


52"^ 1 



68 



TEIGONOMETfilCAL FUNCTIOKS. — 3S° 



Nat. Functions. 


LoaABiTHxio Functions + 10. 1 


' 


N.slne. 


N.C08. 


L.8ine. 


D.l" 


L.008. 


D.l" 


L.taiig. 


D 


V' 


L.cot 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


6 1 566 
6i589 
6i6i2 
6i635 
6i658 
61681 
61704 
61726 
61749 
61772 
61795 


78801 
78783 
78765 

78747 
78729 
78711 
78694 

tit 

78640 
78622 


9.789342 
789504 
789665 

» 

790149 
790810 
790471 
790632 
790793 
790954 


2.69 
2.69 
2.69 
2*69 
2.69 

2.68 
2-68 
2.68 
2.68 


9.896532 
896433 
896335 
896286 
896137 
896038 

895840 

895542 


1.64 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1-65 
1.66 
1-66 
1.66 
1.66 
1.66 
1-66 
1-66 
1.66 
1.66 
1.66 


9.892810 
898070 
893331 

8941 11 
894371 
894632 

895412 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
A 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
33 


lo.iojioo 

106409 
I06I49 

105889 

io5629 
105368 
io5io8 
104848 
104588 


60 
59 
68 
67 
66 
65 
64 
63 
62 
61 
50 


11 
12 
18 
U 
15 
16 
17 
18 
19 
20 


61818 
61841 
61864 
61887 
61909 
61932 
61955 
61978 
62001 
62024 


78604 

78586 
78568 
7855o 
78532 
78514 
78496 
78478 
78460 
78442 


9.791115 
791275 
791436 
791596 

791757 
791917 

792077 
792287 
792897 
792557 


2-68 
2.67 
2.67 
2.67 
2.67 
2.67 

2^6^ 

2.66 
2-66 


9.895443 
895343 
895244 
895145 

895045 
894045 
894846 
894746 
894646 
894546 


896452 
896712 

897281 
898010 


33 
33 
33 
33 
33 
33 
33 
33 
33 
33 


10.104328 
104068 
108808 
103548 
108288 
108029 
102769 
102509 
102249 
101990 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
23 
29 
80 


62046 
62069 
62092 
62115 
62138 
62160 
62183 
62206 
62229 

6225l 


78424 
78405 
78387 
78369 
7835T 
78333 
7881 5 
78297 

Si 

78206 
78188 
78130 
78152 
78134 
78116 
78098 
78079 
78061 
78043 
78025 
78001 
77988 
77970 
77952 
77934 
77016 
77897 


9.792716 
792876 
798035 
793io5 
793354 
793514 
793673 
793832 
793991 
794 i5o 


2.66 
2.66 
2.66 
2.65 
2.65 
2-65 
2-65 
2-65 
2.65 
2.64 


9% 894446 
894346 
894246 
894146 
894046 
893046 
893846 
893745 
898645 
893544 


1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 


898789 

» 
899568 
899827 
900086 
900846 
900605 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


33 
33 
33 

32 
32 
32 
32 
32 
32 
32 


10.101780 
101470 
101211 
100951 
100602 
100482 
100173 

o^^54 
099895 


89 
88 
87 
86 
35 
84 
83 
82 
81 
80 


81 
82 
83 
84 
35 
86 
87 
88 
39 
40 


62274 
62297 
62820 
62342 

62365 
62388 
62411 
62433 
62456 
62479 


9.794308 
794467 
794626 
794784 
794942 
795101 
795259 
795417 

795733 


2. 64 
2.64 
2.64 
2.64 
2.64 
2.64 
2.63 
i.63 
2.63 
2.63 


9.893444 
893343 
898243 
898142 
898041 
892040 
892889 

89263? 
892536 


1.68 
1-68 
1-68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 


9.900864 
901124 

901383 
901642 
901901 
902160 
902419 
902670 
902988 
908197 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


32 
32 
32 
32 
32 
32 
32 
32 
32 

3i 


10.099186 
098876 

^835? 
098099 
097840 
097581 
097821 
097062 
096808 


29 
28 
27 
2^ 
25 
24 
23 
22 
21 
20 


41 
i2 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
69 
60 


62502 

62524 
62547 
62570 
62592 
62615 
62638 
62660 
62683 
62706 


9.795891 

796206 
796864 
796521 

796993 
797i5o 
797807 


2-63 
2.63 
2-63 
2.62 
2.62 

2-62 

2.62 
2.62 
2.61 
2.61 


9.892435 
892334 
892233 
892182 
892030 
891029 
891827 
891726 
891624 
891523 


1.69 
1.69 
1.69 
1.69 
1.69 
1.69 
1.69 
1.69 
1.69 
1.70 


9.903455 
908714 
908978 
904282 

904491 
904750 
9o5oo8 
905267 
905526 
905784 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


3i 
3i 
3i 
3i 
3i 
3i 
3i 
3i 
3i 
3i 


10.096545 
096286 
096021 
095768 
095509 
095250 
094992 
094733 
094474 
094216 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


62728 
62751 
62774 
62196 
62819 
62842 
62864 
62887 
62909 
62932 


77879 

77843 
77824 

77788 
77769 
77751 
77733 
77715 


9.797464 
797621 

797777 
797934 
798091 
798247 
798403 
798560 
798716 
798872 


2.61 
2.61 
2.61 
2.61 

2.6l 

2.61 
2.60 
2»6o 

2.60 
2.60 


9.891421 
891319 
891213 
891115 
891018 

89^^ 
89o5o3 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1-70 


9.906043 
906802 
9o656o 
906819 

907594 
907802 
9081 1 1 
908869 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


3i 
3i 
3i 
3i 
3i 
3i 
3i 
3i 
3o 
3o 


098440 
098181 
092928 
092664 
092406 
092148 
091889 
091681 


9 
8 
7 
6 
6 
4 
8 
2 
1 





N.COB. 


N.slne. 


L.C06. 


D.l'' 


L.sine. 




L.COL 


D 


1" 


L. tang. 


_ 
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Nat. Functions. 


LOGABITHMIC FUNCTIONS + 10. 1 


t 


N.slne. 


N. COS. 


L.8ine. 


D. 1" 


L.C08. 


D.l'' 


L. tang. 


Dl." 


L.cot 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


62932 
62955 
62977 
63ooo 

63022 

63045 
63o68 
63090 
63iT3 
63i35 
63 1 58 


77678 
77660 
77641 
77623 
77605 
77586 

77550 

77531 


9.798872 
799028 
799184 
799339 
799495 
799651 
799806 
799962 
800117 
800272 
800427 


2.60 
2. 60 

2.60 

2.59 

2-59 

2.59 

2-59 

2.59 

2*58 


9-890503 
890400 
890298 
890195 
890093 

8898^8 
889785 
889682 
889579 
889477 


1.70 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1.71 
1. 71 
1.71 


908886 
909144 
909402 
909660 
909918 
910177 
910435 
910693 
910951 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


3o 
3o 
3o 
3o 
3o 
3o 
3o 
3o 
3o 
3o 
3o 


10*091631 
091372 
091114 
090856 
090598 
090340 
090082 
089823 
089565 
089307 
089049 


60 
59 
58 
57 
56 
55 
54 
58 
52 
51 
50 


11 
12 
13 
14 
15 
18 
17 
18 
19 
20 


63 1 80 
63203 
63225 

632:^8 

63271 
63293 
633i6 
63338 
63361 
63383 


775i3 
77494 

'^% 

77421 
77402 
77384 
77366 
77347 


9.800582 

801047 
801201 
8oi356 
8oi5n 
8oi665 
801810 
801973 


2-58 
2.58 
2.58 
2.58 
2.58 
2.57 
2.57 
2-57 


9-889374 

889168 
880064 
888961 
888858 
888755 
888651 
883548 
888444 


1.'72 

1.72 
1.72 
1.72 
1.72 

1.72 
1.72 
1.72 

::?3 


9.911209 
911467 
911724 
911982 
912240 

& 

9i3oi4 
913271 
913529 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


3o 
3o 
3o 
3o 
3o 
3o 
3o 
29 
29 
29 


10.088791 
088533 
088276 
088018 
087760 
087502 
087244 

086729 
086471 


49 
48 
47 
46 
45 
44 
48 
42 
41 
40 


21 
22 
23 
24 
2o 
26 
27 
28 
29 
80 


63406 
63428 
63451 
63473 
63496 
635iB 
63540 
63563 
63585 
636o8 


77329 
77310 
77292 

77255 
77236 
77218 

77'99 
77181 
77162 


9.802128 
802282 
802436 
8o258o 
802743 
802897 
8o3o5o 
8o32o4 
803357 
8o35ii 


2.56 
2.56 
2-56 
2-56 
2-56 
2-56 
2.55 
2.55 


9 •888341 
888237 
888134 
888o3o 
887926 
887822 
887718 
887614 
887510 
887406 


1 

1.73 

1-74 


9.913787 
914044 
914302 
914560 

'Xi 

915332 
915590 
915847 
916104 


4 
4 
4 
4 
4 
4- 
4 
4 
4 
4 


29 
29 
29 
29 
29 
29 
29 
29 
29 
29 


10.086213 
085956 
085698 
085440 
o85i83 
084925 . 
084668 
084410 
084153 
083896 


8y 
88 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
83 
84 
35 
86 
87 
88 
89 
40 


63630 
63653 
63675 
63698 
63720 
63742 
63765 
63^87 
638 10 
63832 


77*44 
77125 

77070 
77o5i 
77033 
77014 
76996 
76977 


9-803664 
8o38i7 
803970 
804123 
804276 
804428 
804581 
804734 
804886 
8o5o39 


2.55 
2.55 
2.55 
2.55 
2.54 
2.54 
2.54 
2.54 
2.54 
2.54 


9.887302 
887198 

886780 
886676 
886571 
886466 
886362 


1.74 
1-74 
1-74 
1.74 
1.74 
1-74 
1-74 
1.74 


9.916362 
916619 
916877 
9171^4 
917391 
917648 
917905 
918163 
918420 
918677 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


29 

29 
29 
29 
29 
29 

11 
28 
28 


10.083638 
o8338i 
083123 
082866 
082609 
082352 
082095 
081837 
o8i58o 
o8i323 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


63854 
63877 
63899 
63922 
63944 
63966 
63989 
6401 1 
64033 
64056 


76959 
76940 
76921 

76^84 
76866 
76847 
76828 
76810 
76791 


9.805191 
805343 
805495 
8o5647 

8o6io3 
806254 
806406 
806557 


2.54 
2.53 
2.53 
2.53 
2.53 
2.53 
2.53 
2.53 

2.52 

2-52 


9.886257 
886i52 
886047 
885042 
885837 
885732 
885627 
885522 
885416 
885311 


1 

1.76 


9.918934 
919191 
919448 
919705 
919962 
920219 
920470 
920733 
920990 
921247 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


28 
28 
28 
28 
28 
28 
28 
28 
28 
28 


10.081066 
080809 
o8o552 
080295 
o8oo38 
079781 
079524 
079267 
079010 
078753 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


51 
52 
58 
54 
55 
56 
57 
58 
59 
60 


64078 
64100 
64123 
64145 
64167 

64190 
64212 
64234 
64256 
64279 


76772 

'm 

76679 
76661 
76642 
76623 
76604 


80701 I 
807163 
807314 
807465 
807615 
807766 
807917 
808067 


2.52 
2.52 
2-52 
2-52 
2-52 
2.5l 
2.5l 
2.5l 
2.5l 
2.5l 


9-885205 
8851^0 
884904 
884889 
884783 
884677 
884572 
884466 
884360 
884254 


1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.76 
1.77 


9.921503 
921760 
922017 
922274 
922530 
922787 
923044 
923300 

9238i3 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


28 
28 
28 
28 
28 
28 
28 
28 

27 
27 


10.078497 
078240 
077983 
077726 
077470 
077213 
076956 
076700 
076443 
076187 


9 
8 
7 
6 
5 
4 
8 
2 
1 





N. cos.|N. sine.j L. cos. 


D.l" 


L. sine. 




L.COL 


D.l" 


L. tang. 
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Nat. Functions. 


LoQABiTHi^o Functions + 10. ] 


' 


N.sine. 


N. COS. 


L.sine. 


D.l" 


L.00S. 


D.l'' 


L. tang. 


D. 


1" 


L.cot 





1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


64279 
64301 
64323 
64346 
64368 
64390 
64412 
64435 
64457 

64479 
64501 


76604 
76586 

7654? 
76530 
765ii 
76492 

76455 
76436 
76417 


9.808067 
808218 
8o8368 
8o85i9 
808669 
808819 
808969 
809119 
809269 
809419 
809569 


2.5l 
2-51 
2.5l 
2-50 

2.5o 
2.5o 
2.5o 
2.5o 

2-50 

2-49 
2-49 


9-884254 
884148 
884042 
883936 
883829 
883723 
883617 
883510 
883404 
883297 
883191 


i 


9.923813 
924070 

924583 
924840 
925096 
925352 
925609 
925865 
926122 
926378 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


27 
27 
27 
27 
27 
27 
•27 
•27 
•27 

•27 
•27 


10.076x87 
075930 

075673 

075417 

075160 
074904 
074648 

074391 

074135 
073878 
073622 


60 
59' 
58 
67 
56 
55 
64 
53 
62 
51 
50 


64524 
64546 
64568 
64590 
64612 
64635 
64657 
64679 
64701 
64723 


tit 

76361 
76342 
76323 
76304 
76286 
76262 
76248 
76229 


9-809718 
809868 
810017 
810167 
8io3i6 
8x0465 
810614 
810763 
810912 
81 1061 


2-49 
2-49 
2-49 
2 -49 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 


9.883084 

882871 
882764 
882657 
882550 
882443 
892336 
882229 
882121 


1.78 
1.78 
1.78 
1.78 
X.78 
X.78 
1.78 
1.79 
X.79 
X.79 


9.926634 
926890 
927147 
927403 
927659 
927915 
928171 
928427 
928683 
928940 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


•27 
•27 
■27 
•27 
•27 
•27 
•27 
.27 

•27 
•27 


xo. 073366 
073XXO 

072853 
072597 
072341 
072085 
07x820 

071573 . 

07x317 

071060 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


64746 
64768 

64834 
64856 
64878 
64901 
64923 
64945 


76210 
76192 
76173 
76154 
76135 
761 16 

76041 


9-811210 
8ii358 
81 1 507 
8ii655 
811804 
811952 
812100 
812248 
812396 
812544 


2.48 
2-47 
2-47 
2.47 
2.47 
2-47 
2-47 
2-47 
2.46 
2.46 


9.882014 
881907 

88x799 
881692 
88x584 

88x477 
88x369 
88x261 
88xx53 
88x046 


x.79 
x.79 
x.79 

x.79 

1.80 
1.80I 


' 9.929106 
929452 
929708 
929964 

q30220 
930475 
930731 
930987 
931243 
931499 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


•27 
•27 
•27 
.26 
.26 
■26 
.26 
26 
26 
26 


10-070804 
070548 
070202 

070o36 

009780 

069525 

068?©] 


89 
83 
87 
86 
85 
84 
83 
82 
81 
80 


31 
32 
88 
84 
85 
86 
87 
88 
89 
40 


64967 
64989 
65oii 
65o33 
65o55 

65 1 00 

65122 

65144 
65i66 


76022 
76003 
75984 
75965 
75946 
75927 


9.812692 
812840 
812988 
8i3i35 
8i3283 
8i343o 
813578 
813725 
813872 
814019 


2.46 
2-46 
2.46 
2.46 
2.46 
2.45 
2.45 
2.45 
2.45 
2.45 


9.880938 
88o83o 
880722 
880613 
88o5o5 
880397 
880289 
880x80 
880072 
879963 


1.80I 
1.80 
X.80 
X.80 
x.80 
1.80 
1.81 
X.81 

i.8x 
X.81 


9.93x755 
o320IO 

932266 

932522 

933o33 
933289 
933545 
933800 
934056 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


10.068245 
067990 
067734 
067478 
067222 
066967 , 

0667 XX 

066455 

066200 

065944 


29 
28 
27 
26 
25 
24 
28 
22 
21 
20 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


65 1 88 
65210 
65232 
65254 
65276 
65298 
65320 
65342 
65364 
65386 


75832 
758i3 

75738 
75719 

75680 
75661 


9.814166 
8i43i3 
814460 

l\tl 

814900 
816046 
815193 
8x5339 
8x5485 


2.45 
2.45 
2-44 
2-44 
2-44 

2'H 

2-44 
2-44 
2-44 
2.43 


9.879855 

879529 
879420 
8793x1 
879202 

8704 
878875 


1. 81 
i.8x 
1.81 
1.81 
1. 81 
1. 81 
1.82 
1.82 
X.82 
1.82; 


9.9343 XX 

934823 

& 

935589 

935844 
936x00 
936355 
9366x0 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


26 
26 

■26 
26 

.26 
26 
26 
26 

.26 

.26 


10.060689 

065433 
o65i77 
064922 
064667 
06441 1 
o64x56 
063900 
063645 
063390 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


51 
62 
63 
54 
55 
66 
57 
58 
59 
60 


65408 
6543o 
65452 
65474 
65496 
655i8 
65540 
65562 
65584 
656o6 


75642 
75623 
75604 
75585 
75566 
75547 
75528 
75509 
75490 
75471 


9.8i563i 
815778 
815924 
816069' 
8i62i5 
8i636i 
8i65o7 
8i6652 
816798 
816943 


2.43 
2.43 
2.43 
2.43 
2.43 
2.43 

2-42 

2.42 

•2-42 
2.42 


9-878766 
878656 
878547 
878438 
878328 

. 878219 
878x09 

'877780 


1.82' 
1.82 
1.82 
1.82 
1.82 
X.83 
1.83 
1.83 
1-83 
,.83 


9.936866 
937121 

ll]lt 
937887 
938142 
938398 
938653 
938908 
939163 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


25 

11 

25 
25 
25 
.25 
25 
■25 
.25 


io.o63x34 
062879 
062624 
062368 
0621 x3 
06x858 
06x602 
o6x347 
061092 
060837 


9 
8 
7 
6 
5 
4 
8 
2 
1 


i 




N.cos. 


N.sine. 


L. COS. 


D.l" 


L.slne. I 


L.cot. 


D.l" 


L.tang. 


49° 1 
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Nat. Functions. 


LOGAIUTHMIO FXJNCTIONS + 10 


1 


/ 


N.sine. 


N.CO8. 


L.stDe. 


D.l" 


L.cof. 


D.1" 


L.tang. 


D 


. 1'' 


L. cot 







656o6 


'4% 


9.816943 


2*42 


9.877780 


1-83 


9.939163 


4 


25 


10.060837 


60 


1 


65628 


817088 


2.42 


877670 


1-83 


939418 


4 


25 


o6o582 


59 


2 


65650 


75433 


817233 


2.42 


877560 


1.83 


939673 


4 


25 


060327 


68 


8 


65672 


75414 


817379 


2-42 


877450 


1.83 


939928 


4 


25 


060072 


67 


4 


65694 


75395 


817524 


2-41 


877340 


1.83 


940183 


4 


25 


059817 


56 


5 


657x6 


]llt 


817668 


2. 41 


877230 


1.84 


940438 


4 


25 


059562 


55 


6 


65738 


817813 


2.41 


877120 


1.84 


940694 


4 


25 


059306 


54 


7 


65759 


75337 
75318 


817958 


2.41 


877010 


1.84 


940949 


4 


25 


05905 1 

058796 

058542 


63 


8 


65781 
658o3 


8i6io3 


2-41 


s 


1.84 


941204 


4 


25 


62 


9 


',11^ 


818247 


2.41 


1.84 


941458 


4 


25 


61 


10 
11 


65825 


818392 


2.41 


1.84 
1.84 


941714 
9.941968 


4 


25 


058286 


60 
49 


65847 


75261 


9-818536 


2.40 


9.876568 


4 


25 


io.o58o32 


12 


65869 


75241 


818681 


2-40 


876457 


1.84 


942223 


4 


25 


057777 
0D7522 


48 


18 


65891 


75222 


818835 


2.40 


876347 


1.84 


» 


4 


25 


47 


U 


65913 


75203 


818960 
8i9ii3 


2.40 


876236 


1.85 


4 


25 


057267 


46 


15 


65935 


75184 


2.40 


876125 


1-85 


942988 


4 


25 


057012 
056757 
o565o2 


46 


16 


65956 


75i65 


819257 


2.40 


876014 


1-85 


943243 


4 


25 


44 


17 


65978 


75146 


819401 


2. 40 


875904 


1.85 


943498 
943762 


4 


25 


43 


18 


66600 


75126 


819545 


2.39 


8756^2 


1.85 


4 


25 


056248 


42 


19 


66022 


]'a 


819689 


2.39 


1-85 


944007 


4 


25 


o55^ 
10.055483 


41 


20 


66044 


819832 


2.39 


875571 


1.85 
1.85 


944262 


4 


25 


40 
89 


21 


66066 


75069 


9.819976 


2.39 


9.875450 
875348 


9.944517 


4 


25 


22 


66088 


75o5o 


820120 


2.39 


1.85 


944771 


4 


24 


055229 


88 


23 


66109 


75o3o 


820263 


2.39 


875237 
875126 


1.85 


945026 


4 


24 


054974 


37 


24 


66i3i 


7501 1 


820406 


2*3? 


1.86 


945281 


4 


24 


054719 
054465 


86 


25 


66i53 


74992 


82o55o 


875014 


1-86 


945535 


4 


24 


85 


26 


66175 


74973 


820693 
820836 


2.38 


874903 


1.86 


945790 


4- 


24 


054210 


84 


27 


^lU 


74953 


2.38 


"874791 
874680 


1.86 


946045 


4- 


24 


053955 


88 


28 


74934 


820979 


2-38 


1.86 


» 


4- 


24 


053701 


82 


29 


66240 


74^96 


821122 


2.38 


874568 


1.86 


4- 


24 


053446 


81 


80 


66262 


821265 


2.38 


874456 


1.86 


946808 


4- 


24 


053192 


30 
29 


81 


66284 


IS 


9.821407 


2.38 


9-874344 


1.86 


9.947063 


4 


24 


10.052937 


82 


663o6 


82i55o 


2.38 


874232 


1.87 


947318 


4 


24 


052682 


28 


88 


66327 


821693 
821835 


2.37 


874121 


1.87 


947572 


4 


24 


052428 


27 


84 


66340 


74818 


2.37 


874009 


1.87 


947826 
948081 
948336 


4 


24 


052174 


26 


85 
86 


66371 
66393 


74799 
74780 


821977 
822120 


2.37 
2.37 


8737^ 


1.87 
1.87 


4 
4 


24 
24 


051919 
o5i664 


25 
24 


87 


66414 


74760 


822262 


2.37 


873672 
873560 


1.87 


948590 


4 


24 


o5i4io 


28 


88 


66436 


74741 


822404 


2.37 


1.87 


948844 


4 


24 


o5ii56 


22 


89 


66458 


74722 


822546 


III 


873448 


1.87 


949353 


4 


24 


o5o90i 


21 


40 


66480 


74703 


822688 
9-822830 


873335 


1.87 


4 


24 
24 


o5o647 


20 


41 


66501 


74683 


2-36 


9.873223 


9.949607 


4 


io.o5o393 
o5oi38 


19 


42 


66523 


74664 


822972 


2-36 


873110 


949862 


4 


24 


18 


48 


66545 


74644 


823H4 


2.36 


vx. 


1.88 


9501 16 


4 


24 


049884 


17 


44 


66566 


74625 


823255 


2-36 


1.88 


950370 


4 


24 


049630 


16 


45 


66588 


74606 


823397 
823539 


2. 36 


i]iin 


1.88 


950625 


4 


24 


049375 


15 


46 


66610 


74586 


2-36 


1.88 


» 


4 


24 


049121 


14 


i7 


66632 


74546 


823680 


2.35 


872547 


1.88 


4 


24 


048867 


18 


48 


66653 


823821 


2.35 


872434 


1-88 


95i388 


4 


24 


048612 


12 


49 


66675 


74528 


823963 


2-35 


872321 


1-88 


951642 


4 


24 


048358 


11 


50 


66697 


74509 


824104 


2.35 
2.35 


872208 

9.872005 

871981 


1.88 
1.89 


951896 
9.952150 


4 
4 


24 
24 


048104 
10.047850 


10 
9 


51 


66718 


74489 


9.824245 


52 


66740 


74470 


824386 


2.35 


1.89 


952405 


4 


24 


047595 


8 


58 


66762 


74451 


824527 
824668 


2.35 


87 1 868 


1.89 


95265o 
95291J 


4 


24 


047341 


7 


54 


66783 
668o5 


74431 


2.34 


871755 


1.89 


4 


24 


047087 
046833 


6 


55 


74412 


824808 


2.34 


871641 


1.89 


953167 


4 


23 


5 


56 


66827 
66846 


74392 


824949 


2.34 


871528 


1.89 


953421 


4 


23 


046570 
» 04632D 


4 


57 


]% 


825000 

8252JO 


2.34 


871414 


1.89 


953675 


4 


23 


8 


58 


66870 


2.34 


871301 


1.89 


&t 


4 


23 


046071 


2 


69 


66891 


74334 


825371 


2.34 


871187 


1.89 


4 


23 


045817 
045563 


1 


€0 


66913 


743 1 4 


825511 


2.34 


871073 


1.90 


954437 


4-23 





N. COS. jN. sine. 


L. COS. 


D. 1" 


Ii.6iiia. 




L.cot 


D.l'' 


L.tang. 


/ 


480 1 
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Nat. Functions. 


LOGABITHMIC FUNCTIONS + 10 


1 




1 
2 
8 
4- 
5 
6 
7 
8 
9 
10 


N.sine. 


N.C08. 


lysine. 


D 


. 1" 


L.C08. 


D.l'' 


Ltaiig. 


D 


.V 


L.cot. 




66913 
66935 
66956 
66978 
66999 
67021 
67043 
67064 
67086 
67107 
67129 


743.4 
74295 
74276 
74256 
74237 
742 IT 
7419^ 
74178 
74159 
74139 
74120 


9-82551 1 
825651 
825791 
825931 
826071 
826211 
826351 
826491 
82663 I 
826770 
826910 


2 
2 
2 
2 
2 
2 
2 
2 
2 

a 

2 


•34 
.33 
-33 
.33 
.33 

33 
33 
33 
33 

32 
32 


9.871073 

870732 
870618 
870504 
870390 
870276 
870161 
870047 
869933 


1.90 
1-90 
1.90 
1-90 
1.90 
1-90 
1.90 
1.90 
1.90 
1-91 
1. 91 


9.954437 
954691 
954945 
966200 
966454 
966707 
955961 
966216 
966469 
966723 
966977 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


23 
•23 
23 
23 
23 
23 
23 
23 
23 
23 
23 


10.045663 
045309 
o45o55 
044800 
044546 
044293 
044039 
043785 
043531 
043277 
043023 


60 
59 
68 
57 
56 
55 
54 
63 
62 
61 
50 


11 
12 
IS 
14 
15 
16 
17 
18 
19 
20 


67151 
67172 
67194 
67215 
67237 
67258 
67280 
67301 
67323 
67344 


74100 
74080 
74061 
74041 
74022 
74002 
73983 
73963 
73944 
73924 


9-827049 
827180 
827328 
827467 
827606 
827745 
827884 
828023 
828163 
828301 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


32 
32 
32 
32 
32 
32 

3i 
3i 
3i 
3i 


9-869818 

869474 
869360 
869245 
869130 
869015 
868900 
868785 


1.91 
1.91 
1.91 
1-91 
1.91 
1-91 
I-9I 
1.92 
1.92 
1.92 


9-967231 
967486 
957730 

968246 
968600 
968764 
969008 
969262 
969616 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


23 
23 
23 
23 
23 
23 
23 
23 
23 
23 


10-042769 
042615 
042261 
042007 
041754 
o4i5oo 
041246 
040992 
0407 J8 
040484 


4» 
48 
47 
46 
45 
44 
48 
42 
41 
40 


21 
22 
2S 
24 
25 
26 
27 
28 
29 
80 


67366 
67387 
6-:4C9 
67430 
67452 

67495 
675T6 
67538 
67559 


73904 
73885 
73865 
73846 
73826 
•73806 
73787 
73767 

73747 
73728 


9-828439 
828578 
828716 
828855 

829269 
829407 
829545 
829683 


2 

2 
2 
2 
2- 
2 
2- 
2- 
2- 
2- 


3i 
3i 
3i 
3o 
3o 
3o 
3o 
3o 
3o 
3o 


9-868670 

868555 
868440 
868324 
868209 
868093 


1.92 
1.92 
1.92 
1.92 
1.92 
..92 
..93 
1.93 
1.93 
1.93 


9.969760 
960023 

960531 
960784 
961038 
961291 
961645 
961709 
962062 


4 
4 
4 
4 
4 
4 
4- 
4 
4- 
4. 


23 
23 
23 
23 
23 
23 
23 
23 
23 
23 


10. 04023 I 

039977 
039723 
039469 
039216 
038962 
038709 
038455 
038201 
037948 


89 
88 
87 
86 
85 
84 
83 
82 
81 
80 


81 
82 
83 
84 
85 
86 
87 
88 
89 
4(.> 


67580 
67602 
67623 
67645 
67666 
67688 
67709 
67730 
67752 
67773 


73708 
73688 
7366q 
73649 
73629 
73610 
73590 
73570 
73551 
73531 


9-829821 

829959 

830097 
830234 
83o372 
83o5o9 
83o646 
830784 
830921 
83io58 


2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 


29 
29 

29 
29 
29 
29 
29 

It 

28 


9.867515 

867167 
867061 

86670? 

866586 
866476 


1.93 
1-93 
1-93 
1.93 
1-93 
1-94 
1-94 
1-94 
1-94 
1-94 

1-94 
1-94 
1.94 
1.95 
1.95 
1-95 
1.95 
1.95 
1.95 
1.95 


9-962306 
962660 
962813 
963067 
963320 
963574 
963827 
964081 
964335 
964688 


4- 

4- 
4- 
4- 
4- 
4- 
4- 
4- 
4- 
4- 


23 
23 
23 
23 
23 
23 
23 
23 
23 
22 


10.037694 
037440 
087187 
036933 
o3668o 
036426 
086173 
035919 
035665 
035412 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


41 
42 

43 
44 
45 

46 
47 
48 
49 
50 


t]lf6 

6783? 
67859 
67880 
67901 
67923 
67944 
67965 
67987 


735 1 1 
73491 
73472 
73452 
73432 
73413 
73393 
73373 
73353 
73333 


9-831 195 
83i332 
831469 
83 1606 
831742 
831879 
832oi5 
832152 
832288 
832425 


2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 


28 
28 
28 
28 
28 
28 
27 
27 
27 
27 


9-866353 
866237 
866120 
866004 
865887 
866770 
865653 
865536 
865419 
865302 


9-964842 
966096 

965349 
966602 
966866 
966109 
966362 
966616 

» 


4- 
4- 
4- 
4- 
4- 
4- 
4- 
4- 
4- 
4- 


22 
22 
22 
22 
22 
22 
22 
22 
22 
22 


io.o35i68 
o349o5 
o3465i 
034398 
034145 
033891 
033638 
033384 
o33i3i 
082877 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


61 
52 
63 
64 
65 
66 
67 
68 
59 
60 


68008 
68029 

68o5i 
68072 
68093 
68ii5 
68i36 
68157 
68179 
68200 


73314 
73294 
73274 
.73254 
73234 
73215 
7^195 
73175 
73i55 
73i35 


9-832561 
832697 
832833 
832969 
833To5 
833241 
833377 
833512 
833648 
833783 


2- 
2- 
2. 
2- 
2- 
2- 
2- 
2- 
2- 
2- 


27 
27 

11 

26 
26 
26 
26 
26 
26 


9-865i85 
865o68 
864950 
864833 
864716 
864598 
864481 
864363 
864245 
864127 


1.95 
1.95 
1.95 
1.96 

1.96 
1.96 

1.96 
1.96 


9.967376 

968136 
968380 
968643 
968896 
969149 
969403 
969666 


4- 
4- 
4- 
4- 
4- 
4 
4 
4 
4 
4 


22 
22 
22 
22 
22 
22 
22 
22 
22 
22 


10-082624 
082871 
082117 
081864 
081611 
081867 
081104 
080861 
080697 
080844 


9 
8 
7 
6 
5 
4 
8 
2 
1 





N.COB. 


N.8ine. 


L. COS. 


D.l" 


1. sine. 




L.cot 


D.l" 


L. tang. 


/ 


47° 1 
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Nat. Functions. 


LoGABiTHicic Functions + 10. 1 


/ 


N.sine. 


N.C08. 


L.8ine. 


D.l" 


L.CO6. 1 


XV' 


L.tang. 


D. 1" 


L.cot 







1 68200 


73i35 


9-833783 


2.26 


9-864127 I 


.96 


9.969666 




22 


io.o3o344 


60 


1 


168221 


73116 


833919 


2. 25 


864010 1 


.96 


969909 




22 


o3oooi 
029838 


59 


2 


i 68242 


73096 


834054 


2-25 


863892 I 


•97 


970162 




22 


58 


t 


68264 


73076 


834189 


2-25 


863774 1 
863656 1 


•97 


970416 




22 


029684 


67 


4 


68285 


73o56 


83432? 


2.25 


•97 


970669 




22 


029331 


56 


5 


683o6 


73o36 


834460 


2.25 


863538 ] 


•97 


970922 




22 


029078 


55 


6 


68327 


73016 


8345o5 
834730 


2-25 


863419 


•97 


971176 




23 


. 028825 


54 


7 


68349 


72996 


2. 25 


86330I 


•97 


971429 




22 


028671 


58 


8 


68370 


72976 
72957 


834865 


2. 25 


863i83 


•97 


971682 




22 


0283 1 8 


52 


9 


683oi 


a 


2. 24 


863o64 


•97 


971935 




22 


028066 


51 


10 
11 


68412 


72937 


2.24 


862946 


^8 
.98 


972188 




22 


027812 


50 


68434 


72017 
72897 


9.835269 

835403 


2.24 


9-862827 


9-972441 




22 


'"•a 


49 


12 


68455 


2-24 


862700 
862590 


-98 


972694 




22 


48 


18 


68476 


72877 


835538 


2.24 


.98 


972948 




22 


027062 
026799 
026646 


47 


U 


68407 


72857 


835672 


2.24 


862471 
862353 


.98 


973201 




22 


46 


16 


685id 


72837 


835807 


2.24 


.98 


973464 




22 


46 


16 


68530 


72817 


835941 


2.24 


862234 


.98 


973707 




22 


026293 


44 


17 


68561 


72797 


836675 


2-23 


862II5 


.98 


973960 




22 


026040 


48 


18 
19 


68582 
686o3 


72777 
72757 


836209 
836343 


2.23 
2.23 


861996 

861877 
861756 


.98 
.98 


974213 
974466 




22 
22 


026787 
026534- 


42 

41 


20 
21 


68624 


72737 


836477 


2.23 


_^9 


974719 




22 


026281 


^40 


68645 


72717 


9-836611 


2. 23 


9-86i638 


•99 


9.974973 




22 


10.026027 


89 


22 


68666 


72697 


836745 


2-23 


86i5i9 


'•99 


976226 




22 


024774 
024621 


88 


23 


68688 


'iltl] 


836878 


2.23 


861400 


'•99 


976479 




?2 


87 


24 


68709 


837012 


2-22 


861280 


'•99 


976732 




22 


024268 


86 


25 


68730 


72637 


837146 


2-22 


861161 


•99 


975985 




22 


024016 


85 


26 


68751 


726i> 


837279 


2.22 


861041 


'•99 


« 976238 




22 


023762 


84 


27 


68772 


72597 


837412 


2.22 


860922 
860602 


'•99 


97649* 




22 


023609 
023266 


83 


28 


^8^2?^ 


]IU] 


837546 


2.22 


•99 


976744 




22 


82 


29 


837679 


2-22 


860682 


i'OO 


976907 
9772DO 




22 


o23oo3 


81 


80 


68835 


72537 


8378i5 


2'22 


860662 • 


2 00 




22 


.022760 


80 


81 


68857 
68876 


72517 


9-837945 


2.22 


9 860442 ' 


2-00 


9.977603 




22 


10-022497 


29 


82 


72497 


838078 


2. 21 


86o322 • 


l-OO 


977766 




22 


022244 


28 


88 


68899 


72477 


838211 


2-21 


860202 ' 


J-OO 


978009 




22 


02 1901 
021738 


27 


84 


68920 


72457 


838344 


221 


860082 ' 


2-00 


978262 




22 


26 


85 


68941 


72437 


838477 


2. 21 


859^42 ' 


I'OO 


978616 




22 


021486 


25 


86 


68962 


72417 


838610 


221 


I'OO 


978768 




22 


021232 


24 


87 


68983 


72397 


838742 
838875 


2.21 


i^^!i 


I'Ol 


979021 




22 


020979 
020726 


28 


88 


69004 


72357 


2.21 


I'Ol 


979274 




22 


22 


89 


69025 


839007 


2-21 


859480 : 


l-Ol 


979627 




22 


020473 


21 


40 


69046 


72337 


839140 


2*20 


869360 J 


(.01 


979780 




22 


020220 


20 


41 


69067 


72317 


9.839272 


2.20 


9-859239 : 


1.01 


9.980033 




22 


10-019967 


19 


42 


69088 


72297 


839404 


2-20 


sS ; 


i-OI 


980286 




22 


019714 


18 


48 


69109 


72277 
72267 


839536 


2.20 


1. 01 


980638 




22 


019462 


17 


44 


65i3o 


839668 


2-20 


2.01 


980791 




21 


019209 
018966 


16 


45 


69151 


72236 


839800 


2.20 


868766 : 


2.02 


981044 




21 


15 


46 


69172 


72216 


839932 


2. 20 


858635 : 


2.02 


& 




21 


018703 


14 


47 


6^193 


72196 


840064 


2. 19 


868614 J 


2.02 




21 


018460 


18 


48 


69214 


?^;?^ 


840196 


2. 19 


858393 : 


2. 02 


981803 




21 


018197 


12 


49 


69235 


840328 


2.19 


868272 J 
868161 ; 


202 


982066 




21 


017944 
017691 


U 


60 


69256 


72136 


840459 


2.19 


2-02 


982309 




21 


10 
9 


61 


69296 


72116 


9.840591 


2. 19 


9. 868029 ' 
867906 : 


2.02 


9.982662 




21 


10-017438 


62 


72095 


840722 
840854 


2.19 


2.02 


982814 




21 


017186 


8 


68 


69319 


72055 


2.19 


867786 : 


2-02 


983067 




21 


016933 


7 


64 


69340 


840985 


n 


867666 J 


2.o3 


083320 




21 


016680 


6 


56 


69361 


72035 


841 1 16 


867643 J 


2.o3 


983673 




21 


016427 


5 


66 


69382 


72015 


841247 
841378 


2.18 


867422 : 


2-o3 


983826 




21 


OI6174 


4 


67 


69403 


71995 


2.18 


867300 ; 


2-03 


984079 




21 


O1692I 


8 


68 


69424 


71974 


841 509 


2.18 


867178 ' 
867066 J 


2.o3 


984331 




21 


016660 
016416 


2 


69 


69445 


71954 


841640 


2.18 


2.o3 


984684 




21 


1 


60 


69466 


71934 


841771 


2.18 


866934 J 


203 


984837 




21 


oi6i63 







N.C08. 


N.sine. 


L.C08. 


D.l" 


L.8ine. 




L.cot 


"d 


1" 


L. tong. 


' 


46« 1 



u 



TRIGONOMETRICAL FPNCTIONS. — 44*. 



Nat. Functions. 


LOGABITHMIO FUNCTIONS + 10. 1 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


N.dne. 


N. C08. 


L. Bine. 


D. 


1" 


L.coa. ] 


XI- 


L. tang. 


Dl." 


L.cot 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
48 
42 
41 
40 
89 
88 
87 
86 
85 
84 
83 
82 
81 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


69466 

^a 

69529 
69549 
69570 
69591 
69612 
69633 
69654 
69675 


71934 

71^4 

71873 

71853 
71833 
71813 
71792 
71772 
71752 
71732 


9-841771 
841902 
842033 
842163 
842294 
842424 
842555 
842685 
842815 
842946 
843076 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


18 
18 
.18 
17 
17 

•17 
•17 
.17 

•17 
•17 
.17 


9-856934 a 
856812 a 
856690 2 
856568 2 
856446 2 
856323 5 
856201 2 
856078 2 

855^33 3 
855711 2 


.o3 
•03 
.04 

• 04 

• 04 
.04 

• 04 
•04 

• 04 
•04 
•05 


9.984837 
986090 
986343 
986696 
986848 
086101 
986364 
986607 
986860 
9871 12 
987366 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 


io^oi5i63 
014910 
014667 
014404 
oi4i52 
013899 
013646 
013393 
oi3i4o 
012888 
012635 


11 
12 
18 
14 
15 
16 
17 
18 
19 
20 


69696 
69717 

69821 
69842 
69862 
60883 


71691 

7i65o 
7i63o 
71610 
71590 
71569 

71549 
71529 


9.843206 
843336 
843466 
843595 
843725 
843855 
843984 
844114 
844243 
844372 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


.16 

.16 

.16 

16 

.16 

.16 

.16 

15 

15 

15 


9-855588 2 
855465 2 
855342 2 
855219 2 
855096 2 
854973 2 
8548DO 2 

» ; 

854480 2 


.06 
• o5 

.06, 
.o5| 
.o5| 

•^ 
•06 

.06 

.06 


9.987618 

988123 
988376 
988629 
988882 
989134 
989387 
989640 
989893 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


21 
21 
21 
21 
21 
21 
21 
21 
21 
21 


10012382 
G12129 
011877 
01 1624 
011871 
011118 
010866 
oio6i3 
oio36o 
010107 


21 
22 
28 
24 
25 
26 
27 
28 
29 
80 


69904 
69925 
69946 

69966 
69987 

70008 
70029 
70049 
70070 
70091 


7i5o8 
71488 
71468 
71447 
71427 
71407 
71386 
71366 
71345 
71325 


9.844502 
844631 
844760 
844880 
845018 
845147 
845276 
845405 
845533 
845662 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


15 
•15 
.i5 
15 
15 
15 
•14 
•14 
•14 
•14 


9.854356 2 
854233 2 
854IOO 2 

853738 J 
853614 : 
853490 J 
853366 2 
853242 2 


t.o6 
fo6 
.06 
.06 
r.o6 
8.06 
8.07 
^•07 
».07 
1.07 


Q. 990145 

99MO9 
991662 

99'9i4 
992167 
992420 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


21 
21 
21 
21 

21 
21 
21 
21 
2! 
21 


10.009866 
009602 
009349 

008691 
008338 
008086 
007833 
007680 


81 
82 
83 
84 
85 
86 
87 
88 
89 
40 


70112 
70132 

70153 
70174 
70195 

702 1 5 
70236 
70257 
70277 
70296 


7i3o5 
71284 
71264 
71243 
71223 
71203 
71182 
71162 
71 141 
71121 


9.845790 
845919 
846047 
846175 
846304 
846432 
846560 
846688 
846816 
846944 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


•14 
•14 
•14 
•14 
•14 
13 
•i3 
•13 
.|3 
.i3 


9^853118 2 
852994 : 
852869 2 
852745 2 
852620 2 
852496 2 
852371 2 
852247 ^ 

852122 2 

851997 2 


J. 07 

1-01 

J. 07 
^•07 

'q 

{•o8 
•08 


9.992672 
992925 

994189 
994441 
994694 
994947 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


•21 
•21 
•21 
21 
21 
2! 
21 
21 
•21 
■21 


10.007328 
007075 
006822 
006670 
oo63i7 
006064 
006811 
006559 
oo53o6 
006053 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


70319 
70339 
7o36o 
7o38i 
70401 
70422 
70443 
70463 
70484 
7o5o5 


71100 
71080 
71059 
71039 
71010 
70998 
70978 
70957 
70937 
70916 


9-847071 
847199 
847327 

848091 
848218 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


13 

• 13 

• 13 

• 12 
•12 

12 

• 12 
•12 

• 12 

• 12 


9^851872 2 
861747 2 
861622 2 

861497 2 
861372 2 
861246 2 
85II2I 2 
860996 2 
860870 2 
860745 2 


.08 
.08 
8.08 
8.09' 
.09 
'•09 
•09 
•09; 
•09, 
.09; 


9.995109 
995452 
996706 
996967 
996210 
996463 
996715 
996968 
997221 
997473 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


•21 

•ai 

21 
21 
21 
21 
21 
21 
21 
21 


10.004801 
004548 
004296 
004043 

^W, 

003286 
oo3o32 
002779 
002627 


19 
18 
17 
16 
15 
14 
18 
12 
11 
10 


61 
52 
53 
54 
55 
56 
57 
68 
69 
60 


70525 
70546 
70567 
7o58t 
70606 
70628 
70649 
70670 
70690 
70711 


70896 

70834 
70813 
70793 
70772 
70752 
70731 
707 1 1 


9.848345 
848472 
848599 
848726 

848852 
848970 
849106 
849232 
849359 
849485 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


• 12 

• 11 

• 11 
.11 
•II 

• II 
•11 
•II 

• 11 
•II 


9.85o6i9 2 
860493 2 
85o368 2 
860242 2 
860116 2 

849864 I2 
849738 2 
84961 1 2 
849486 ;: 


1-09. 

.10| 

.10 

•10 

• 10' 

• 10 

• lo' 

{.10 
►lO 
,.,0 


9.997726 

998484 
998737 
998989 
999242 
999495 
999747 

10 -000000 


4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


21 
21 
21 
21 
21 
21 
21 
•21 
•21 
•21 


10.002274 
002021 
001760 
001610 
001 263 
00101 1 
000768 
000606 
000263 

lO'OOOOOO 


9 

8 
7 
6 
5 

4 
8 
2 

1 





N. 008. 


N.Blne. 


L. COS. 


D.I" 


L.sine. 1 


L.cot. 


D.l" 


L. tang. 


1 


45'> 1 



TABLE III. 



PRECISE OALOULATIOIJf 



FUNCTIONS NEAR THEIR LIMITS. 
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SINES OF SMALL ANGLES. 





log. sin 


x"= 4.685575 + log. 


X - diff. 








POR THE SINES 


OF SMALL ANGLES. 






Angles. 


Seconds. 


Diff. 


Angles. 


Seconds 


Diff. 

5o 
5i 

52 

53 
54 
55 


Angles. 


Seconds. 


Diff. 


o" 







1° 29' 5o" 


5390 


2« 7'3o" 
8' 10" 


765o 




,?'5o" 


540 





3o' 5o" 


5450 


7690 


100 


950 


2 

3 


3i'4o" 


55oo 


8' 45" 


7725 


101 


20' 20" 


1220 


32' 3o" 


5550 


9' 20" 


7760 
7800 


102 


23' 5o" 


i43o 


33' 3o" 


56io 


10' 


io3 


27' 


1620 


4 
5 


34' 20" 


566o 


10' 40" 


7840 


104 
io5 


29' 5o" 
32' 3o" 


1700 
1930 


6 


35' 10" 

36' 


5710 
5760 
5810 


56 

U 


11' i5" 
ii'5o" 


7875 
7910 


106 


35' 


2100 


I 


36' 5o" 


12' 3o" 


7950 


IS 


'37' 2C" 


2240 


37' 40" 
38' 3o" 


5860 


i3' 5" 


2985 
8020 


39' 3o ' 


2370 


9 
10 


5910 


13' 40 ' 


109 
no 


41' 3o" 


2490 




39' 3o" 


5970 


61 

62 
63 


14' 20" 


8060 




43' 20" 


2600 


II 


40' 2C" 


6020 


1 5' 


8100 


III 


45; 10" 


2710 
2820 
2920 


12 
,3 


41' 10" 


6070 


1 5' 35" 


8i35 


112 

ii3 

114 

ii5 


48' 40" 


14 
15 


41' 5o" 
42f' 40" 


6110 
6160 


64 
65 


16' 10" 
i6'45" 


8170 
8205 


5o' 20" 


3020 


16 


43' 3o" 


6210 


66 

69 

70 


17' 20" 


8240 


116 


52' 


3l20 


44' 10" 


625o 


17' 55" 
18' 3o" 


8275 


53' 3o" 


3210 


\l 


45' 


b3oo 


83io 


\\l 


55' 


33oo 


45' 5o" 


635o 


19' 5" 


8345 


56' 3o' 


3390 


»9 
20 


46' 3o" 


6390 


19' 40" 


8380 


119 
120 


58' 


3480 




47' 20" 
48' 


6440 




20' 1 5" 


841 5 




59' 20" 


356o 


21 


6480 


7' 


20' 5o" 


8450 


121 


I® 00' 40" 


3640 


22 
23 

24 

25 


48' 5o" 


6530 


73 


21' 25" 


8485 


122 

123 
124 
125 


2' 
3' 20' 


3720 
38oo 


49' 3o" 
5o' 20" 


6570 
6620 


22' 
22' 35" 


8520 
8555 


4' 40' 


388o 


26 


5r 


6660 


76 


23' 10" 


8590 


126 


5; 5o" 


3950 


5r5o" 


6710 


23' 45" 


8625 


J' 10" 
9' 20" 


4020 


27 

28 

?9 
3o 


52' 3o" 


6750 




24' 20" 


8660 


2 


ix 


53' 10" 
54' 


tlTo 


24' 55" 
25' 3o" 


8695 
8730 


10' 3o" 


423o 


3i 

32 

33 


54' 40" 


6880 


8i 
82 
83 
84 
85 


26' 


8760 


i3i 

l32 

i33 
l34 
i35 


n'4o" 


43oo 


55' 20" 


6920 


26' 35" 


8795 
8825 


I2'5o" 


4370 


56' 10" 


6970 


27' 5" 


14' 


4440 


34 
35 


56' 5o" 


7010 


27' 40" 


8860 


1 5' 


45oo 


57' 3o" 


7o5o 


28' 10" 


8890 


16' 10" 
17' 10" 
18' 10" 


4570 
463o 


'36 


58' 10" 
. 58' 5o" 


7000 
71 3o 


86 
ll 


28' 45" 
29' 1 5" 


8925 
8955 


i36 

\ll 
139 
140 


4820 


59' 3o" 


7170 


29' 5o" 


8990 


19' 20" 


39 
40 


20 00' 10" 


7210 


89 
90 


3o' 20" 


9020 


20' 20" 


5o" 


725o 


3o' 55" 


9055 


21' 20" 

22' 20" 


4880 
4940 


41 
42 
43 
44 
45 


r4o" 
2' 20" 


7300 
7340 


91 


31' 25" 

32' 


Qo85 
9120 


141 


23' 20" 


5ooo 


3' 


738o 


92 
93 


32' 3o" 


91 5o 


142 
143 


24' 20" 


5o6o 


3' 35" 


74i5 


33' 5" 


9185 


25' 10" 


5iio 


4' 10" 


745o 


95 


33' 35" 


9215 


144 
145 


26' 10" 
27' 10" 

28' 10" 


523o 


46 
49 


4'5o" 
5'3o" 


'X 


96 


34' 5" 
34' 40" 


9245 
9280 


146 


5290 


6' 10" 


7570 


ll 


35' 10" 


9310 


\ii 


29" 


5340 


6' 5o" 


7610 


35' 40" 


9340 


29' 5o" 


5390 


7'3o" 


765o 


99 


36' 1 5" 


9375 


149 



TAKGENT3 AND COTANGENTS OF SMALL ANGLES. 



77- 





log 


. tan. 


x"=. 4.685575 + log. 


X 4- diff. 








log 


. cot. 


x"z= 15.314425 - 


-log. 


X - diff. 






FOR TANGENTS 


AND COTANGENTS OF 


SMALL ANGLES. 




Angles. 


Seconds. 


Diff. 


Angles. 


Seconds. 


Diff. 


Angles. 


Seconds. 


Diff. 


o" 







i« 3'3o" 


38io 


5o 
5i 

52 

53 
54 
55 


1 030' 10" 


5410 




7' 10" 


43o 





4' lo" 


385o 


3o' 3o" 


543o 


100 


11' 10" 
14' 10" 


til 


I 
2 

3 
4 
5 


4' 5o" 
5'3o" 


3890 
3930 


3i' 
3r3o" 


5460 
5490 


101 
102 
io3 
104 
lo5 


17' 
19' 


1020 
1440 


6' 
6' 40" 


3960 
4000 


82' 
32' 20" 


5520 
5540 


21' 


1260 


6 

I 


7' 20" 


4040 


56 

U 


32' 5o" 


5570 


106 

;s3 


23' 

24' 5o" 


i38o 
1490 


8' 3o" 


4070 
4110 


33' 10" 
33' 40" 


5590 
5620 


26' 3o" 


1590 


9' 


4140 


34' 10" 


565o 


27' 5o" 


1670 


9 
10 


9' 40" 


4180 


34' 3o" 


5670 


109 

no 


29' 20" 
3o' 40" 


1840 


II 


10' 20" 
10' 5o" 


4220 
425o 


61 
62 
63 


35' 
35' 20" 


5700 
5720 


III 


32' 


1920 


12 
i3 
14 
i5 


11' 3o" 


4290 


35' 5o" 


5750 


112 

ii3 
114 
Ii5 


33' 10" 


1990 


12' 


4320 


64 
65 


36' 10" 


5770 


34' 20" 


2060 


12' 3o" 


435o 


36' 40" 


5800 


35' 3o" 


2i3o 


i6 


i3' 10" 


4390 


66 

69 

70 


37' 10" 


5830 


116 


36' 40" 


2200 


i3'4o" 


4420 


37' 3o" 


585o 


37' 5o" 
38' 5o" 


2270 


\l 


U'mo" 


445o 


3«' 


5880 


\\l 


233o 


i4' 5o" 


4490 


38' 20" 


5900 


39' 5o" 


2390 


>9 
20 


|5' 20" 


4520 


38' 5o" 


5930 


1 19 
120 


40' 5o" 


245o 




i5'5o" 


455o 




39' 10" 


5950 




41' 5o" 


25lO 


21 


16' 20" 


458o 


71 


39' 3o" 
40' 


5970 


121 


42' 5o" 


2570 
26io 


22 

23 


n' 


4620 


'4 


6000 


122 

123 


43' 5o" 


'^i'"" 


465o 


40' 20" 


6020 


44' 40" 


2680 


24 

25 


4680 


'4 


40' 5o" 


6o5o 


124 
125 


45' 40" 
46' 3o" 


2740 
2790 


26 


18' 3o" 
>9' 


4710 
4740 


76 

?2 


4i' 10" 
41' 40" 


6070 
6100 


126 


47' 20" 
48' 10" 


2840 
2890 


11 


19' 3o" 
20' 


4770 
4800 


42' 
42' 3o" 


6120 
6i5o 


12^ 


49' 


2940 


11 


20' 3o" 


4830 


^ 


42' 5o" 


6170 


III 


49' 5n" 


2990 


3i 

32 

33 
34 
35 


21* 


4860 


81 
82 
83 
84 
85 


43' 10" 


6190 


i3i 

l32 

|33 
i34 
i35 


5o' 40" 


3040 


21' 3o" 


4890 


43' 40" 


6220 


5i'3o" 


3090 


22' 


4920 


44' 


6240 


52' 20" 


3140 


22' 3o" 


4950 


44' 3o" 


6270 


53' 


3i8o 


23' 


4980 


44' 5o" 


6290 


53' 5o" 


323o 


36 

11 
39 
40 


23' 3o" 


5oio 


86 

89 
90 


45' 20" 


6320 


1 36 

138 


54' 40" 


3280 


24' 


5o4o 


45' 40" 


6340 


55' 20" 


3320 


24' 3o" 


5070 


46' 


6360 


56' 


336o 


25' 


5ioo 


46' 20" 


6380 


56' 5o" 


3410 


25' 3o" 


5i3o 


46' 40" 


640O 


139 
140 


57' 3o" 
5d' 10" 


3450 




26' 


5i6o 




47' 10" 


6430 




3490 
353o 


41 


26' 3o" 


5190 


9' 


47' 3o" 
48' 


6450 


141 


58' 5o" 


42 
43 
44 
45 


26' 5o" 


5210 


93 

95 


6480 


142 
143 
144 
145 


59' 3o" 


3570 


27' 20" 


5240 


48' 20" 


6500 


1* 0'20" 


3620 


27' 5o" 


5270 


48' 40" 


6520 


r 


366o 


46 
47 
48 


28' 20" 


5300 


96 


49' 


6540 


146 


r4o" 


3700 


28' 40" 


5320 


49' 20" 


6560 


2' 10" 

2'5o" 


3730 
38io 


29' 10" 
29' 40" 


5350 
538o 


^ 


49' 40" 
5o' 10" 


9580 
6610 


3'3o" 


49 


3o' 10" 


5410 


99 


5o' 3o" 


663o 


a, 
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TANGENTS AND COTANGENTS OF SMALL ANGLES. 



lo^. tan. A"= 4.685575 + log. A+ diff. 
log. cot. A"= 15.314425 - log. A- diflf. 



FOR TANGENTS AND COTANGENTS OF SMALL ANGLES. 



Angles. Seconds. Diff. 



i8 5o'3o" 
5o' 5o" 
5r lo" 
5r3o" 

52' 

52' 2o" 

52' 40" 
53' 

53' 2o" 
53' 5o" 
54' lo" 

54' 3o" 
54' 5o" 
55' lo" 
55' 3o" 
55' 5o" 

56' lo" 
56' 3o" 
56' 5o" 
57' 10" 
57' 40" 

58' 

58' 20" 
58' 40" 

59 20 

59' 40" 

2*> 00' 00" 
20" 
40" 
1 

I '20" 

I '40" 
2' 

2' 20" 
2' 40" 

3* 

3' 20" 
3' 40" 
4' 
4' 20" 

4' 40" 
5' 

5' 20" 
5' 40" 
6* 

6' 20" 
6' 40" 

7! „ 
7 20 

7' 40" 



663o 
665o 
6670 
669c 
6720 
6740 

6760 
6780 
6800 
683o 
685o 

6870 
6890 
6910 
6930 
6950 

6970 
6990 
7010 
7o3o 
7060 

7080 
7100 
7120 
7140 
7160 

7180 
7200 
7220 
7240 
7260 

7280 
7300 
7320 
7340 
7360 

7380 
7400 
7420 
7440 
7460 

7480 
7600 
7510 
7540 
7560 

7580 
7600 
7620 
7640 
7660 



i5o 

i5i 

l52 

i53 

1 54 

1 55 

1 56 

1 58 
159 
160 

161 

162 
i63 
164 
|65 

166 

i6d 

169 

170 

171 
172 
173 
174 
175 

176 

:?3 

181 
182 
1 83 

184 
1 85 

186 

189 
190 

191 
192 
193 
194 
195 

196 

199 



Angles. 



,» 2:40" 

8' 1 5" 
8' 3o" 
8 5o" 
9' 10" 

9* 3o" 
9' 5o" 
10' 10" 
10' 20" 
10' 40" 

10' 55" 
11' i5" 
II' 35" 
ir55" 
12' i5" 

12' 35" 
12' 55" 
i3' i5" 
i3'35" 
1 3' 5o" 

14' 10" 
i4' 3o" 
14' 45" 
i5' 5" 
1 5' 20" 

1 5' 40" 
1 5' 55" 
16' 1 5" 
16' 3o" 
16' 5o" 

17' 5" 
17 25" 

%'"" 

18' i5" 

18' 35" 
18' 55" 

19 3o 
19' 45" 

20' 5" 

20 20" 
20' 40'' 
20' 55" 
21' i5" 

21' 3o" 
21' 45" 
22' 5" 
22' 20" 
22' 35" 



Seconds. Diff. 



7660 
7680 
7695 
7710 
7730 
7750 

7770 
7790 
7810 
7820 
7840 

7855 
7875 
7895 

7935 

7955 
7975 
1995 
8oi5 
8o3o 

8o5o 
8070 
8o85 
8io5 
8120 

8i4o 
8i55 
8175 
8190 
8210 

8225 
8245 
8260 
8280 
8295 

83i5 
8335 
8355 
8370 
8385 

8405 
8420 
8440 
8455 
8475 

8490 
85o5 
8525 
8540 
8555 



200 
201 
202 

203 

204 

205 

206 
207 

208 

209 
210 

211 
212 
2l3 
214 
2l5 

216 

\\l 

219 

220 

221 
222 
223 
224 
225 

226 
227 
228 
229 

23o 

23 1 
232 

233 

234 

235 

236 

238 
239 
240 

241 
242 
243 
244 
245 

246 

248 
249 



Angles. 



2*» 22' 35" 
22 55" 
23' 10" 
23' 3c" 
23' 45" 
24' 

24' 20" 
24' 35" 
24' 55" 
25' 10" 
25' 25" 

25' 45" 
26' 

26' 20" 
26' 35" 
26' 5o" 

27' 10" 
27' 25" 
27' 45" 
28' 
28' i5" 

28' 35" 
28' 5o" 
29' 10" 
29' 25" 
29' 40" 

3o' 

3o' 1 5" 
3o' 3o" 
3o' 5o" 
3r 5" 

3l'20" 

3i'35" 
3i'55" 
82' 10" 
32' 25 " 

32' 40" 
32' 55" 
33' i5" 
33' 3o" 
33' 45" 

34' 

34' 1 5" 
34' 3o" 
34' 45" 
35' 

35' 20" 
35' 35" 
35' 5o" 
36' 5" 
36' 20" 



Seconds. 



8555 
8575 
8590 
8610 
8625 
8640 

8660 
8675 
869> 
8710 
8725 

8745 
8760 
8780 
8795 



883o 
8845 
8865 
8880 
8895 

8915 
8930 
8950 
8o65 
8^8c 

9000 
9015 
9o3o 
9o5o 
9065 

9080 
9095 
9115 
9i3o 
9»45 

9160 
9175 
9195 
921C 
9225 . 

9240 
9255 
9270 
9285 
9300 

9320 
9335 
9350 
9365 
9380 



Die 

25o 
25i 

252 

253 
254 
255 

256 

257 

25d 

259 
260 

261 
262 
263 
264 
265 

266 
267 
268 
269 
270 

271 
272 
273 
274 
275 

276 

277 
278 
279 
280 

281 
282 
283 
284 
385 

286 
287 
288 
289 
290 

291 
292 
293 
294 
295 

296 
291 
298 
299 



TABLE IT. 



OONTAHnNO 



THE NATURAL TANGENTS AND COTANGENTS 



EVERY DEGREE AND MINUTE OF THE QUADRANT. 
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NATURAL TANGENTS. 



a 


0° 


l** 


2° 


r 


4° 


6° 


0° 


7° 


8° 


9° 


n 





oooooo 


017455 


034921 


o524o8 


069927 


087489 


io5io4 


122785 


i4o54i 


I 58334 60 


I 


2QI 


746 


5212 


2699 


070219 


UT^ 


5398 


3980 
3375 


0837 


8683 59 
8981 58 


2 


582 


018037 

32d 


55o3 


1% 


o5ii 


56o2 
5987 


ii34 


3 


873 

OOII64 


tit 


0804 


8368 


3670 
3966 


143 1 


9279 57 


4 


619 


3575 


1096 
i389 


866i 


6281 


1728 


$!,l 


56 


5 


454 


910 


'^l 


3866 


8954 


6575 
6869 


4261 


2024 


55 


6 


745 


OI920I 


41 58 


1681 


9248 


4557 


2321 


160 174 


54 


I 


oo2o36 


% 


6960 


445o 


IV^ 


9541 


4852 


2618 


0472 


53 


6id 


725i 


4742 


9832 


7458 


544I 


2915 


0771 


52 


9 


020074 


7542 


5o33 


2558 


090127 


11% 


3212 


1069 

1368 


5i 


10 


909 


365 


7834 
8125 


5325 


285i 


0421 


5738 


35o8 


5o 


II 


oo32oo 


656 


56i7 


3 143 


0714 


8340 


7034 
6320 
6625 


38o5 


1666 


40 


12 


% 


9^7 

021238 


8416 


5909 


3435 


1007 


8635 


4102 


i965| 48 
2263' 47 

?5/ ? 46 


i3 


8707 


6200 


3728 


i3oo 


8920 


4399 
4696 


U 


004072 


529 


8999 


6492 
6784 


4020 


\U', 


6920 


i5 


820 


IZ 


43 13 


95i8 


7216 


4993 


7^:'MJ 45 


i6 


654 


022111 


]Ut 


46o5 


2180 


9812 


75i2 


5290 
5567 


j[\j 44 


'7 


945 


402 


9873 

040164 


4898 


2474 

2767 


110107 


D 


3r)-^ 43 


i8 


oo5236 


984 


7660 


5190 
5483 


0401 


5884 


:m'':'j 42 


19 


527 


0456 


lt% 


3o6i 


0695 


8399 


6181 


40^/3 41 


20 


818 


0232l5 


VoU 


^^ 


3354 


0900 
1284 


8694 


6478 


4354' 40 


21 


006109 


8535 


3647 


^ 


6776 


4^.52 


m 


22 


400 


851 
024148 


i33o 


8827 


6361 


3941 


2168 


7073 


4^51 


23 


% 


1621 


9119 


6653 


4234 


9582 


7370 


5^5o 37 
554li 36 
4H48 35 


24 


439 


1912 


9411 


6946 


4528 


9877 
130173 


7667 


25 


007272 
563 


730 


2204 


9703 


7238 


4821 


2463 


Ifei 


26 


025022 


2495 


060287 


7531 


5ii5 


2757 


0469 


6147: 34 


11 


854 


3i3 


7824 
8116 


5408 


3o52 


0765 


8559 


6446, 33 


008145 


604 


0579 


5702 


3346 


1061 


8856 


6745 


32 


29 


436 


026186 


3370 


0871 


8409 


5995 


3641 


1357 


9154 


7044 


3i 


3o 


72T 
009018 


366i 


ii63 


8702 


6289 


3936 


1652 


945 1 


7343 


3o 


3i 


^el 


3952 


1455 


8904 
9287 


6583 


423o 


1948 


9748 


7622 


It 


32 


3oo 


4244 


1747 


6876 


4525 


2244 


1 50046 


7941 


33 


606 


027059 


4535 


2039 


9580 


7170 

7464 


4820 


2540 


o343 


8240 27 
8539, 26 
8838, 25 


34 


801 
010181 


356 


4827 

5ii^ 


233i 


9873 


5ii4 


2836 


0641 


35 


641 


2623 


080 I 65 


llU 


5409 


3i32 


0938 


36 


472 


933 


5410 


2915 


0458 


5704 


3428 


1236 


9137 24 


11 


763 


028224 


5701 


3207 


0751 


8345 


5999 


3725 


1 533 


9437 23 


011054 


5i5 


6^^ 


3499 


1044 


8638 


6294 
6588 


4021 


i83i 


9736 22 


39 


345 


806 


'^\ 


i336 


8932 


4317 
46i3 


2129 


17S035 


21 


40 


636 


679 


6576 
6867 
7159 


1629 


9226 


6883 


2426 


o334 


20 


41 

42 


927 
012218 


^ 


1922 

22l5 


9813 


7178 

it 


'in 


2724 

3022 


o634 
0933 


:§ 


43 


509 


970 


745o 


4959 


25o8 


100107 


55o2 


3319 


1233 


17 


44 


800 


030262 


V^l 


525i 


2801 


0401 


5798 


11^ 


i532 


16 


45 


01 3091 


553 


5543 


3094 
3386 


o6o5 
0989 


8358 


6094 


i83i 


i5 


46 


844 


8325 


5836 


8653 


6390 
6687 
6983 


42i3 


2l3l 


i4 


ii 


U 


o3ii35 


8617 
8908 


6128 


3679 


1282 


8948 


45io 


243o 


i3 


426 


6420 


3972 


1576 


93^3 


4808 


2730 


12 


49 


<)I4254 


7»7 


9200 


6712 


4265 


1870 


9^^? 


]l]t 


5io6 


3o3o 


11 


5o 


545 


o32oo9 


t% 


7004 


4558 


2164 


9833 


5404 


3329 ,0 1 


5i 


836 


3oo 


'1 


485 1 


2458 


120128 


1% 

8465 


5702 


qH 


52 


"% 


m 


o5oo75 


5i44 


2752 


0423 


6000 


53 


0366 


7881 
8173 
8465 


5437 


3o46 


0718 


6298 


4228 


I 


54 


709 


033173 


0658 


5730 


3340 


ioi3 


8761 


6596 


4528 


55 


016000 


465 


0949 


6c23 


3634 


i3o8 


9o58 


6894 


4828 


5 


56 


III 


756 


1241 


8708 


63 16 


3928 


i6o4 


9354 


7192 


5l27 


4 


u 


034047 


1 533 


9o5o 


6609 


4222 


1899 


965i 


8086 


5427 


3 


017164 


338 


1824 


9342 


6902 


45i6 


2194 
2489 


9948 


5427 


2 


ii 


63o 


2116 


9635 


7196 


4810 


140244 


6027 


I 




89* 


88° 


87° 


80° 


85° 


84° 


88° 


82° 


81° 


80' 








Na 


tural C 


0-tange 


nts. 








p.i 


i:-,4-u 


4-85 


4-86 


4.87 


4-88 


4.89 


4-91 


4.93 


4.96 


4.98 





NATURAL TANGENTS. 



81 





lO** 


ll'* 


12' 


W 


ir 


16° 


16° 


17° 


18° 


19° 







176327 


194380 


212557 


23o868 


249328 


^% 


286745 


3o573i 


324920 


344328 


60 


I 


6627 


4682 


2861 


\\f. 


9637 
9946 


7060 


6049 


5241 


4653 


ll 


2 


6927 


4984 


3i65 


8573 

8885 


7375 


6367 
6685 


5563 


iul 


3 


7227 


5286 


l^ 


1788 


250255 


1^5 


5885 


U 


4 


7527 


5588 


2094 


o564 


9»97 


7003 


6207 
6528 


563o 


5 


7827 

5127 


5890 


■ W, 


2401 


0873 


9509 


8320 


7322 


5955 


55 


6 


6192 


2707 


9821 


8635 


7640 


685o 


6281 


54 


I 


8427 
8727 
9026 


6494 
6796 


4686 
4990 


3oi4 
3321 


1492 
I80I 


270133 
0445 


8950 
9266 


f 


7172 
7494 


6607 
6933 


53 

52 


9 


7099 


5294 


3627 


2III 


0737 


958] 


32^?39 


34758? 


5i 


lO 


179328 


197401 


"t^ 


233934 


252420 


271069 


289896 


308914 


5o 


II 


9628 


2^ 


4241 


2729 


1 382 


290211 


9233 


8461 


8237 
8563 


tl 


12 


9928 


6208 


4548 


3o3o 
3348 


1694 


o527 


9552 


8783 


i3 


180229 


83o8 


65i2 


4855 


2006 


0842 


310189 


9106 


ii 


14 


o529 


8610 


6817 


4162 


3658 


2319 


Ii58 


9428 


8880 
9216 


i5 


0829 


8912 


7121 


11 


3968 


263i 


1473 
1780 


o5o8 


9751 


45 


i6 


ii3o 


92i5 


7426 


ill] 


2944 


0827 
1146 


330073 


9542 


44 


\l 


i43o 


9517 


Ull 


3256 


0396 


9868 


43 


1731 


9820 


6390 


4897 


?^ 


2420 


1465 


0718 


350195 


42 


»9 


203l 


200122 


8340 


6697 


5207 

2555i6 


3882 


2736 


1784 


1041 


0522 


41 


20 


182332 


200425 


218645 


237004 


274194 


293o52 


3i2io4 


331364 


350848 


40 


21 


2632 


0727 


8950 


73i2 


5826 


4507 


^368 


2423 


1687 


1175 


39 


22 


2933 


io3o 


9254 


761Q 


61 36 


4820 


3684 


2742 


2010 


l502 


38 


23 


3234 


i333 


9559 


6446 


5i33 


4000 


3062 


2333 


1829 

2156 


37 


24 


3534 


1635 


9864 


6756 


5446 


43 16 


338i 


2656 


36 


25 


3835 


1938 


220169 


8541 


7066 


5759 


4632 


3700 


2679 


2483 


35 


26 


4i36 


2241 


0474 


8848 


7377 


6072 
6385 


4948 


4020 


33o2 


2810 


34 


27 


4437 


2544 


0779 
1084 


9i56 


7667 


5265 


4340 


3625 


3i37 


33 


28 


i&l 


2847 


9464 


mi 

2586i8 


6698 


558i 


4659 


3949 


3464 


32 


29 


3149 


221692 


9771 


7S4 


,^l 
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0624 
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9386 
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2176 
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3428 
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24 


u 
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6708 
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23 
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0621 


^ 5o64 


7282 
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3828 
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\t 
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2533 
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1148 
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0735 
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\l 
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3o57 
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14 
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2669 
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5470 


2465 
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i3 
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3o43 
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0285 


4220 
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13 


49 


4627 
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3621 
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11 


5o 
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5i 
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6800 
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I 
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53 


5209 

5718 


6199 
6724 


1202 
1761 

3322 


3072 
3i32 


0543 
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4565 


8614 
8684 


54 


6227 
6736 


7249 


9257 
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0867 


4632 


8754 
8824 


55 


7774 
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2882 


7095 


6925 
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5 


56 

u 


7246 
2756 
6266 
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o885 


3443 
4004 


tt 


33i2 
3372 
3433 


6987 
7049 


8804 
8964 
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3 


9351 


1428 


4565 


8837 
9418 
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0931 


4902 
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2 


59 


8776 


9877 
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6127 


3493 
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1 




49' 


48*' 


47' 


4«' 


46' 


44' 


48' 


42' 


41' 


40' 


1 


Natural Co-tangeuts. 


^•?^s•38 


8.64 


8-92 


9.21 


9.53 


0*09 1*02 


1.06 


LID 


i.i5 





NATUEAL TANGENTS. 



86 



1 


60" 
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1-27994 
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1.32704 


1.37638 
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1.48256 


1.53986 


i.6oo33 


1.66428 


60 


I 


9246 


2785 

2865 


7722 
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2903 


8349 


4o85 


oi37 


6538 
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2 
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3637 
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IX 
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3 
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3858 
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3026 
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^ 
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6 


^ 

X 


3931 


3i87 
3268 
3349 
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3347 
3436 
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4675 
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52 


9 
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7419 
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10 
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1.28764 
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1.67530 


5o 


II 
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\llt 
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4I 


12 
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14 
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tl 


i5 
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8909 
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i6 
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42 


19 
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2010 
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41 


30 
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40 


21 
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44o5 
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2442 


24 
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0961 
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6366 
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25 
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5o49 
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26 
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56?2 
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33 
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41 
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12 


49 
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83o5 
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5i82 
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6544 
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6685 
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5637 
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5309 
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6349 
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5 
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5790 
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l646 
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53 
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6018 
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5i 
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12 
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3483 




i4 
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6751 
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i5 
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5o82 
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4i 
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8084 


2.28167 
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8716 
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0235 


27^6 
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6i5i 
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9841 
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26 
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3667 
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9986 


9028 


0629 
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34 


27 
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3794 
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9437 


0827 
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6752 
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28 
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9801 
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U 
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5075 
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5204 
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1641 
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43 
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3o3o 


1647 


4027 
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6926 


0577 
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44 
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5979 


4033 
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2570 

2756 


423o 
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45 
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6109 
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1062 
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6239 
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7i52 
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3975 


33i6 
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6o65 


8932 
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54 
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7383 
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4i25 
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6476 
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56 
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6888 
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4i25 
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61 30 


4288 


4423 
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7r 
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7r 


76'' 
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2.90421 
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3.27085 


3.48741 
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2076 
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55 
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4534 
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I 


9914 


1441 
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7207 
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5.20107 
0926 


53 
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6709 


5092 


52 


9 


7002 
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3.30174 
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mi 
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5i 
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Sheldon d: Campany^s 2exiSooks. 

OOLTON'S NEW GEOGEAPHIES. 

The whole sutfjeet in Two Boohs, 

These books are the mati simple, the mast practical, and best 
adapted to the toants of the schoolroom of any yet pvJbilished. 

I. CoUan*s New Introductory Geography. 

With entiielj new Maps made especially for this book, on 
the most improTed plan ; and elegantiy Illastrated. 

II. CoUon^s Common School Orography. 

With Thirty -six new Maps, made especially for this book, 
and drawn on a uniform system of scales. 

Elegantly Illnstrated. 

This book is the best adapted to teaching the snlject of Geog- 
raphy of any yet published. It is simple and comprehenslTe, 
and embraces just what the child should be taught, and nothing 
more. It also embraces the general principles of Physical Geog- 
raphy so feur as they can be taught to advantage in Common 
Schools. 

For those desiring to pursoe the study of Physical Geography, 
we have prepared 

Colton^s Bhysical Orography. 

One VoL 2to. 

/ 
A very valuable book and fully illustrated. The Maps are 

compiled with the greatest care by Geo. W. Colton, and repre- 
sent the most remarkable and interesting features of Physical 
Geography clearly to the eye. 

The plan of OoUoii't Oeography is the beet I have ever seen. It meets the 
exact wants of oar Orammar Schools. The Beview is nnsarpassed in its 
tendency to make thorough and reliable scholars. I have learned more Geog- 
raphy that is practical and available daring the short time we have used this 
work, than in all my life before, including ten years teaching by Mitchell's 
plan.— A. B. Hetwood, Prin. FranicHn Oram. School, LoweU, Mass, 

So wen satisfied have I been with these Geographies that I adopted them, 
and have procored their introdaction into most of the schools in this coonty. 
Jaxbs W. Thompsok, A.M., Prin. qf Centreville Academy, Maryland. 

Any of the above sent by maU, post-paid, on receipt of price. 






Sheldon d: Companys 2exiSooks. 

OLNEY'S HIGHER MATHEMATICS. 

Olney^s Introduction to Algebra 

Olney^s Complete Scliool Algebra 

Olney*8 Key to do. with extra examples. . . 

Olney*8 Booh of Test Exam,ples in Algebra 

Olfiey^s University Algebra 

Olney^s Key to do. 

Olney's Eletnents Geom. S Trigonom. (Sch. Ed.) 

Olney's Elements of Geometry. Separate 

Olney^s Elements of Trigonometry. Separate. . 

Olney^s Elements of Geometry and Ti^igonoin- 
etry. (Univ. Ed., with Tables of Logaritlmis.) 

Olney^s Elem>ents of Geometry <md Trigonom- 
etry. (University Edition, without Tables.) 

Olney^s Tables of Logarithms. (Flexible covers.). 

Olney*s General Geometry and Calculus 

The universal favor with which these books have been received 
by educators in all parts of the country, leads the publishers to 
tliink that th6y have supplied a felt want in our educational ap- 
pliances. ^ .' 

There is one fei|ture which characterizes this series, so unique, 
and yet so eminently practical, that we feel desirous of calling 
special attention to it. It is 

The facility with which the boolcs can be used for classes of 

all grades, and in schools of the widest 

diversity of purpose. 

Each volume in the series is so constructed that it may be used 
with equal ease by the youngest and least disciplined who should 
be pursuing its theme, and by those who in more mature years 
and with more ample preparation enter upon the study. 




Any of the above wot by mail, poU-paid, on receipt of price. 





